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FEELING AND THINKING. 

Object and scope of the inquiry— rsychology and Physiology two separate 
sciences— The Brain not the ezclaBive organ of the Mind : the two estab- 
lished doctrines— What is nerve-force ?— Structure of the Nervous System 
— Are nerves conductors only, and what do they conduct ?— Error of liken- 
ing nerves to the conducting-wires of a battery— Indei)endent action of 
nerves— Neurillty the property of a nerve — Sensibility the property of a 
nerve-centre— The distinction between property and function — Refutation 
of the supposed distinction between sensory and motor nerves— Where is 
the Sensorium ?— Opinions of elder writers ; modern opinions— Proof that 
Sensibility depends on histological, not on morphological structure, and that 
an nerve-centres i^ssess it— Sensibility, Sensation, and Consciousness — 
Ambiguities of language: different meanings of " consciousness "—Can 
there be sensations of which we are unconscious ?— Sensation and Percep- 
tion— Unperceived sensations — The Law of Sensibility — Reflex actions and 
Reflex feelings— Sensations unattended to in reverie and sleep— Illustrations 
of sleepers being conscious of sensations — General consciousness : Systemio 
Sensations : the feeling of existence — Systemic-consciousnesSi Sense-con- 
sciousness, and Thought-consciousness. 

In the mighty web of things there are no threads more won- 
derful than Sensation and Thought; nor have any more 
constantly solicited the attention of philosophers, from the 
earliest dawn of speculative inquiry to the angry contests of 
to-day. They have been problems ever-alluring and ever- 
17* 
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"baffling : one moment the threads seemed to be within the 
easy grasp of an outstretched hand, only to vanish again 
into the inextricable confusion of tangled mystery. 

Feeling and Thinking are of too profound an interest, 
and too closely allied with all vital phenomena, not to find 
a large place in the " Physiology of Common Life." But 
what place must we give them 1 How must these difficult 
subjects be treated 1 Their very depth and extent of inter- 
est oblige us to select on\v those aspects which fall strictly 
within the scope of this work. They have psychological 
aspects, and physiologial aspects, both of great importance ; 
but as our business here is not to discuss any but physio- 
logical problems, we must leave untouched the discussion of 
the many vexed questions of Psychology, and confine our- 
selves to what are srictly the physiological aspects of 
Thought and Sensation. 

Psychology is the science of Mind ; Physiology is the 
science of Life. All who recognize the former as a science, 
declare its aim to be the elucidation of the laws of Thought, 
the nature of the Soul, and its prerogatives. This science 
may seek — and I follow those who think it ought to seek — 
important means of investigation in the laws of Physiology ; 
just as Physiology itself must seek important aids in Chem- 
istry and Physics. But as an independent branch of in- 
quiry, its results cannot be held amenable to physiological 
canons ; their validity cannot be decided by agreement or 
disagreement with physiological laws. To cite an example : 
Psychology announces that the mind has different faculties, 
and that each of these faculties may have a temporary ex- 
altation, or a temporary supension. This fact seems estab- 
lished on ample evidence, and is valid in Psychology, al- 
though hitherto no corresponding fact in Physiology has 
been dicovered — ^neither the anatomy of the brain, nor any 
knowledge of the brain's action, can be adduced as furnish- 
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ing the evidence ; and if Psychology were absolutely amen- 
able to the conclusions of Physiology, we should here have 
to doubt one of the most indisputable of psychological facts. 
On the other hand, it is no less certain that the physiology 
of the Nervous system must be studied free from all control 
on the part of psychologists. If we do not prescribe con- 
clusions for them, neither must they prescribe conclusions 
for us. To them we leave the laws of thought. To us they 
must leave the difficult task of ascertaining the relation be- 
tween Sensation and the various parts of the Nervous system. 
After this explicit statement of the object and scope of the 
following chapters, I trust no psychologist will object to 
my conclusions if they fall short of, or run counter to his. 
He must consider himself out of court. Our science does 
not pretend to cope with the mysteries of his. Those mys- 
teries will most probably for ever remain unsolved ; mean- 
while the labours of physiologists have made it possible 
that there should be at least a science of those vital phe- 
nomena connected with the Nervous System ; and " thus," 
to use the fine expression of Professor Huxley, " from the 
region of disorderly mystery, which is the domain of igno- 
rance, another vast province has been added to science, the 
realm of orderly mystery^ 

The reader will have remarked that the Nervous system 
is mentioned, and not simply the Brain ; although, inasmuch 
as the Brain is universally held to be the organ of the Mind, 
the sole centre of Sensation and Thought, there might seem 
to be no reason for our treating any other part of the 
Nervous System in this inquiry. My reason is simple : I 
do not agree in this opinion respecting the Brain as " the 
organ " of the mind. One of the principal conclusions to 
which fact and argument will direct us in these pages will 
be, that the Brain is only one organ of the Mind, and not 
by any means the exclusive centre of Consciousness. I am 
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aware of the paradoxical air such a statement must have in 
these days ; because the hypothesis that the Brain is the 
sole organ of Consciousness, after having been execrated as 
a heresy, and having had to battle through a stormy period 
of illiberal opposition, has now settled down among the re- 
spectable and respected conclusions of philosophy. If I 
venture to dispute, and disprove, this conclusion, it is be- 
cause, after having for many years devoutly believed it, I 
have been gradually led, in the course of very various re- 
searches, not only to a different conception, but also to un- 
derstand the source of the original error. 

It will be understood that by the word Mind we do not 
designate the intellectual operations only. If the term were 
so restricted, there would be little objection to our calling 
the Brain the organ of the Mind. But the word Mind has 
a broader and deeper signification ; it includes all Sensation, 
all Volition, and all Thought : it means the whole psychical 
Life ; and this psychical Life has no one special centre, any 
more than the physical Life has one special centre : it be- 
longs to the whole, and animates the whole. The Brain is 
a part of this whole, a noble part, and its functions are 
noble ; but it is only the organ of special mental functions ; 
as the liver and the lungs are organs of special bodily func- 
tions. It is a centre, a great centre, but not the centre. It 
is not the exclusive Sensorium. Its absence does not imply 
the absence of all consciousnes, as I shall prove by experi- 
ment. It cannot therefore be considered as the organ, but 
only as one organ of the Mind. 

The ancients seem to me to have been nearer the truth 
than the moderns ; they made Mind one form of Life. 
Their animus, mind, was but a form of anima, soul or life.* 

* " Nunc animnm atque anlmam dico conjuncta teneri 
Inter Be, atqtie anam, natoram conficere ex bo." 

LucBETius, ill 137. 
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In the Greek writers, the word soul («/a^) is used to ex- 
press a Vital Principle. And this use of the word has be- 
come traditional ; but is discarded by the physiologists and 
psychologists, who not only separate Mind from Life, but 
give Mind a special centre — the Brain. 

This doctrine of the Brain is understood in two different 
ways by two contending schools. The one regards the 
Brain as the original agent ; the other regards it as the inter- 
mediate instrumeiit. According to the one, the Brain thinks 
as the stomach digests. According to the other, the Brain 
is the instrument of Thought, played upon by the mind, as 
a piano is played upon by a musician. These two schools, 
however opposed, meet on neutral ground when they come 
to Physiology. It matters little which side we take : the 
observed phenomena are the same, whether the brain be 
regarded as an organ, or an instrument. A piano out of 
tune will yield discordant music, let the performer be never 
so skilful. A penny-whistle can never have the clang of a 
trumpet. It is obvious, therefore, that on the structure and 
state of the instrument will depend the quality of the sounds 
produced. This conclusion is the only one which concerns 
the physiologist ; he is not bound to decide between the two 
contending schools ; he is only bound to ascertain, if possi- 
ble, what functional relation exists between Mind and Brain. 
As far as I have been able to see into this matter, the Brain 
is the most important organ in a complex apparatus of or- 
gans — the Nervous System ; and this Nervous System has 
one general property — Consciousness. There are various 
special forms of Consciousness, but they are all intimately 
allied. Those forms of Consciousness which we class under 
the head of Intelligence and Emotion, are mainly, if not 
wholly, dependent on the Brain ; but there are other forms 
of Consciousness besides these, there are other centres of 
Sensation and Volition besides the Brain. 
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The evidence on which I venture to depart so widely 
from the established doctrine, will be brought forward in the 
course of the following pages ; meanwhile this explicit state- 
ment of the point of view adopted will keep the attention, 
alert, and will also explain why the Nervous System in 
general, and not the Brain only, must occupy us. It is a 
system eminently deserving of study. By its agency we 
are brought into those relations with the external world 
which give rise to Sensation. It also regulates and co- 
ordinates all the processes of life. It gives unity to the 
wondrous multiplicity of organs and their actions, making 
each depend on each, and all co-operate to one end. It be- 
stows on animals their respective rank in the scale of beings : 
the more perfect development of this system is the invari- 
able index of a more complex and effective organization, 
since by it a multiplicity of different organs is reduced to 
unity. 

I. The Nature of the Nerve-force. — What is the force 
which acts in the nerves, and which brings various parts of 
the organic mechanism into union 1 From the earliest days 
of Science there have been hypotheses explaining the nature 
of this force. The hypothesis of " Animal Spirits " reigned 
undisturbed for centuries. These spirits were said to be 
secreted by the grey surface of the Brain ; then, descending 
down the Spinal Chord to the nerves, they returned back 
the same way. When a nerve was tied, or divided, the 
passage of the animal spirits was prevented. This hypoth- 
esis is dethroned ; but let no one insult it : erroneous it may 
have been, but it served its purpose as an hypothesis, and 
helped to explain the observed facts quite as well as any 
succeeding hypothesis has done. The "nervous fluid" 
which replaced it was not a whit more scientific ; and the 
hypothesis that Electricity is the nerve-force, although hav- 
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tag more evidence in its favour, is open to still more serious 
objections, because it inevitably tends to confuse and mislead 
both theory and practice. Whether nerve-force be, or be 
not, identical with Electricity, toiust for the present be con- 
sidered an open question.* But we must bear in mind that 
even should the evidence finally turn out to be in favour of 
the electrical hypothesis, the physiologist would still have 
to consider nerve-force as something special — if it be elec- 
tricity, it is electricity under certain special conditions, 
which give it a distinctive character, onlj/ found in the living 
nerve. It will always be nerve-force for him ; as light 
will always be light to the student of optics, although the 
philosopher may prove light to be correlated with heat and 
motion. 

For reasons presently to be adduced, it will be of great 
advantage to have a particular name for this nerve-force ; 
and as I shall show that what is commonly expressed by the 
term " nerve-force " is really decomposable into two very 
different forces, corresponding to two very different nerve- 
tissues, I propose two names : Sensibility (already in use, 
although restricted to the Brain) as the property of gangli- 
onic substance ; and Neurility^ as the property of nerve- 
fibre. If the etymology of the latter term is open to excep- 
tion, the advantage of its being readily intelligible, and of 
going well with Sensibility and Contractility, may be a com- 
pensation. Of course, no stress is laid on this innovation : 
it is simply suggested as a convenient term, requisite to 
give precision to our language when talking of complex 
nerve-actions. 

When a nerve-fibre is stimulated, its Neurility is called 
into play. If the fibre be in connection with the Brain, or 

♦ See the arguments pro and con in Lunwio : Lehrbuch der Physiol. Todd 
KndBo-wuAv: Physiological Anatomy. JjOJXQSt : TYaiU de Physiologic. Fukkb : 
Lehrbuch der Physiol. 
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Spinal Chord, the effect is a aentaCion. If the fibre be in 
connection with a muscle, the efiect ia contraction. If the 
fibre be in connection with & gland, the cfitict is tecrelion. 

But before this can be fully appreciated, we must 
describe the general characters of the Nqrvous System. 
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Nervods SrsTBM. — ^The 
nervous tysiem is com- 
posed of, 1°, nerves, and, 
11°, ganglia, or centres. 
The nervous tissues (for 
there are two) are com- 
posed of nerve-fibres and 
nerve-cells. Fig. 34 rep- 
resents a spinal ganglion 
«ith nerve-trunks; the 
„ inglion is seen to be 
rnposed chiefly of cells; 
the norve-trunks of fibres. 

These nerve -^fibres, 
nhich, when arranged in 
bundles, and enveloped 
in a sheath of connective 
tissue, form nerves and 
nerve-trunk 8, are, strictly 
speaking, cylinders, con- 
taining a more or less 
liquid substance. 

The appearances rep- 
resented in fig. 35 differ 
from those of the fibres 
in fig. 34. They are, 
however, what is always 



8TBDCTUBE OF NEBVES. 



**n under the microscope, after the tissue has been subjects 
™ *o presBure. The fibres present a varicose aspect, which 




SB Irregnlflr dropi. 
(AfUr DiltoD.) 

Arises from the semi-liquid contents being displaced. The 
size of the fibres varies considerably. 

Whether nerve-fibres arejf6res,or /wiw&s*is a question 
wo cannot pause to consider hero, since it is one which at 

• hnvwisBOSK (Select WorJa, ]1. 30S> wm lh« Hrsl to liracrlbs tbcm na 

^•lleiUe and difficult qnertlon, and tnrnB opon wheUier Oie thrcod which wo 
■nd foimlng the central aili of the nenfl-flhre ig Bonniil, or Iho pnrinct ot 
GoacnlDUcm. Comp. Biddeb nad KrppTiiB: Unlerivchungen fiiier die Texlar 
if R^keitraarki, p. 28 ', sad EOLLirin : Qaeclitlelirt, 1859, p. 273. Indeed, on 
Ihls u on miHt qaMtLoni conocclcd wLIb tha blalolog; of the nervoiu lyttem, 
Ibo it DdcDt will find an Lmmenio mast of ranterlal, Ibg following being the iDiut 
Important :— Kollikbb : Mikrot. ArmJ. and Gutebtiehre. Litbio : Lthrtmch 
der niiltlQgie. Oeblich^ atatbelehte. Sttllisq: Utbtr den Bati dea Krmen- 
primiliv^aaer. Bipdeb nnd KiiFprsB <S8 above). Lbshoesei: Slimoire tir la 
Blrur:lutt inline de la Motile ipiniire in the Annalci dri Scientci. 13II1, lome vU. 
FiiTBI : Jfltlologie du Si/ilime Nerrtur. Todd and Bowmaii ; Phyainlogical 
Ajialami/, UnbappilycTcrybodydlft'cn from cvcrybod; on mere tbu one point ; 
■nd tbo itndcni, If Blncere, will oflca And hinuclf dlBbrlnj: from Ibem nil. 
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present can have but an anatomical interest. For the sake 
of convenience we may speak of them aa fibres. In bundles 
of greater or smaller calibre they form nerves ; and isoliited, 
or united, they have oue constant property, which I propose 
to name Neurility. 

The ganglia, or centres, are characterised by a very 
different tissue ; namely, cells and granules. Of the gran- 
ules 1 con here say nothing, except that they are too often 




>f no account. The cells are peculiar, and often 
readily distinguishable from all other animal cells. In size 
they vary from the 300th to the 4000th of an inch. In 
shape they also vary. Here are two from the grey matter 
of the spinal chord. They are seen to send ofi* prolongations 
of their substance in various directions, and gomeliTites one 
of those forms the union between two cells, as in e, fig. 36. 
It is also taught by most writers that these prolongations 
are the beginning, or the ending, of nerve-fibres ; in other 
words, that the connection between fibres and cells is always 
of this direct kind.* In fig. 34 we have this theoretical 

* For Ibe UtomlorB of tbls eobjool ten 8i:lliiio : Nerven-primiUv-faafT, 
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view represented. Without disputing the statement that 
fibres are sometimes traced thus in connection with cells, I 
have to declare that, in more than a thousand preparations, 
I have only seen it half-a-dozcn times ; therefore, to make 
this supposed connection between cells and hbres the basis 
of any physiological inferences, will be in the highest degree 
incautious. Yet this is what many German and French 
writers are now doing. , The ordinary aspect of cells and 
fibres in a ganglion is more like fig. 37. 

Hg. 87. 




These cells, and the granules in which they ai 
have a greyish colour ; and it is to them that what is called 
the grey or " eineritious " matter of the Brain and Spinal 
Chord owes its name. TTiere are, however, certiun grey 
fibres very abundant in the sympathetic system. Neverthe- 
less it may he understood that when the grey matter is 
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spoken of, the cellular or ganglionic substance is meant ; 
when the white matter is spoken of, nerve-fibres are meant. 

A nerve-centre is a ganglion, or mass of ganglia fused 
together. It has everywhere the same property, which is 
Sensibility. The chief centres are congregated together 
within the skull and spine, forming what is called the cerebro- 
spinal axis. A general idea of this axis, and the principal 
nerves which issue from it, may be sasen in fig. 38, on the 
opposite page. 

III. Are the Nerves Conductors only ? and what do 
THEY conduct? — Ncrvcs are very generally likened to 
telegraphic wires, carrying messages to and from the centres, 
or to the conducting wires of a galvanic battery.* But, 
except as a loose and superficial analogy, this is not ac- 
ceptable ; and it is based on a misconception so important 
that we must pause a moment to consider it. The miscon- 
ception is, that the centres produce a force which the nerves, 
as passive conductors, transmit. The analogy is to the 
plates of a battery producing the electricity which the wires 
conduct. I think there is ample and decisive evidence to 
show that the nerves have a force of their own, the property 
of their tissue, which is far from being the product of nerve- 
centres, and is wholly unlike that produced by the centres. 

If we cut off the leg of a frog recently killed, and dissect 
out a portion of its sciatic nerve, as in fig. 89, n, it will be 
easy to show that this nerve, although separated from its 

* In many cases this metaphor Las been an hypothesis. The Italian anat- 
omist Rolando claims the merit of not only having, before Sir Charles Bell, dis- 
tingnished the two kinds of nerves, but also of having asserted each to be con- 
ductors of two kinds of electricity, positive and negative. Bolahdo : Ricerche 
anatomiche aulla atruttura del Midolo spindle^ 1824, p. 4. The conception of the 
Brain as a galvanic battery of which the nerves are the conducting wires, is 
often attributed to Sir John Herschel. It was an obvious conception when 
once the nerve-force was supposed to bo identical with electricity ; and it has 
been very misleading. 
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centre, has still its peculiar force ; for no sooner are the 
two poles of a galvanic battery brought in contact with this 

nerve (as at a and h), than the muscles of the 
leg are contracted, as they would be con- 
tracted during life, when the centre stimulated 
the nerve. 

Nor must it be supposed that this con- 
traction occurs because the nerve conducts 
electricity to the muscles. The same effect 
will follow, under proper conditions, if the 
nerve be simply pinched or pricked. Any- 
thing which stimulates the nerve, causes the 
muscles to contract. But if the nerve be 
dead, electricity feils to cause a contraction. 
Claude Bernard found that the woorara poison 
had the effect of destroying the irritability 
of the nerves, and leaving the muscles un- 
affected : when, therefore, he had poisoned a 
frog with woorara, the galvanic battery ap- 
plied to the nerve no longer made the 
muscles contract ; but applied directly to 
the muscles, it made them contract. Indeed, one of the 
earliest experiments was enough to show that the force in 
the nerve does not come from the centre, but is excited in 
the nerve itself. Willis tied the phrenic nerve, and found 
that the diaphragm was moved when the nerve was irritated 
hehw the ligature — that is, below the point where its separa- 
tion from the centre was effected — ^but no motion could bo 
caused in the diaphragm when the nerve was irritated above 
the ligature. 

But, it may bo asked, did not this nerve which we see 
acting when separated from a centre, originally receive its 
force from that centre ? and is not the force which we excite 
in it, the remains of what has been produced in the centre, 
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and accumulated in the nerve 1 The answer is an unequiv- 
ocal, No. If the nerve were merely a reservoir, and not a 
spring, it could never recover its force after having once been 
exhausted ; but exact experiment has determined that while 
a nerve separated from a centre may be so exhausted by 
repeated irritations, that it ceases to produce any contrac- 
tions ; yet if it now be allowed repose, under proper con- 
ditions, it recovers its activity, and, on being irritated, will 
again cause muscular contractions.* Schiff found that a 
fret's nerve, which had been separated from its centre, but 
not otherwise disturbed, retained its power of exciting con- 
tractions as long as thirteen weeks. It is therefore impos- 
sible to regard the force in the nerves as a residue of what 
was produced in the centres, seeing that the nerve itself has 
the power of restoring its wasted force. 

When the conducting wire is separated from the battery 
it loses at once all galvanic power : it is a bit of wire, and 
it is nothing more. All its galvanism came from the bat- 
tery, and this it could only conduct, not create. But the 
nerve, when separated from its centre, still retains its force : 
any irritation of such a nerve will excite that force, just as 
the stimulus from its centre would excite it. The battery 
is removed, and lo ! the wire is found to be galvanic. 

That the nerve itself, even during absolute repose, is the 
workshop of a development of force, of chemical and electri- 
cal changes, has been demonstrated by Dubois-Reymond. 
That the nerve, so long as it is living, so long as the neces- 
sary nutritive changes can be kept up, has a property not 
derived from the centre, but belonging exclusively to the 
nerve itself, is no less demonstrable. Without implying 
any hypothesis as to the nature of this force, I have called 
it Neurility (in the sense of excitability, but without the 
misleading suggestions of that word). Numerous physiolo- 

* Comp. SoHiFF : Zehrbuch der Physiol. ^ 1. 112. 
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gists have noticed the facts which prove that the nerves are 
something more than passive conductors, but I am not 
aware that any one has seen the full significance of these 
facts, and has proposed to connect them with a property in- 
herent in nerve-fibre, and essentially differing from the 
property inherent in ganglionic substance, or nerve-^sells. 
In a paper read at the meeting of the British Association 
in Aberdeen * I suggested the desirableness of a new no- 
menclature to replace the very lax expressions now in use ; 
and as an example, the old term " nerve-force," which con- 
founds together the activity of the nerves and that of the 
centres, was shown to need two distinct substitutes, one ex- 
pressing the activity of the nerves — Neurility ; and one ex- 
pressing the activity of the centres — Sensibiliitf. 

Neurility simply means the property which the nerve- 
fibre has, when stimulated, of exciting contraction in a mus- 
cle, secretion in a gland, and sensation in a ganglionic centre. 

IV. What is Sensibility? — ^This very interesting and 
important question has become involved in a cloud of ob- 
scurities which would vanish if that strictness of nomen- 
clature, to which I have just alluded, were adopted in physi- 
ology, as in chemistry and physics. The philosophic reader 
will learn with surprise that many eminent men are at pres- 
ent disputing whether the seat of sensation is itself sensitive, 
whether the seat of intelligence is also the seat of conscious- 
ness, and whether there are not separate parts of the spinal 
chord devoted to the transmission of Sensibility — as if Sen- 
sibility were a thing to be carried from one part of the body 
to another ! 

It is found that cutting, pinching, tearing, or galvanising 
the grey matter of the brain and spinal chord produces no 
sensation whatever. The fact is doubtless surprising at 

♦ On the Necessity of a Reform in Nerve-Physiology. 
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first. We know that the brain is a seat of sensation, that 
impressions made on the nerves going to the ccrebro-spinal 
centres produce no sensation unless those centres are affected ; 
yet we see a man or an animal submit without the slightest 
wincing to have a slice of his bram cut off, or the grey mat- 
ter of his spinal chord pricked and cut. The explanation is 
easy. Sensibility is the inherent property of the ganglionic 
tissue forming the grey matter of the nerve-centres. This 
property is stimulated into activity by the Neurility of the 
nerves, but is not stimulated by those mechanical irritations 
which suffice to stimulate the nerves. The pinch, or prick, 
which awakens the activity of the nerve-fibre, leaves the 
nerve-cell dormant. You are not surprised if the pistol 
hangs fire when the percussion-cap is removed, or spoiled. 
In vain the hammer falls, no explosion takes place ; because, 
to produce an explosion of the gunpowder, a spark is neces- 
sary, and that spark is received from the percussion-cap. It 
is the same with Sensibility. The hammer first acts on the 
cap ; the cap does not transmit the blow, it produces a spark, 
and the spark makes the powder explode ; the irritation acts 
on the nerve, the nerve does not transmit this irritation, it 
has its own Neurility excited, and this awakens the Sensi- 
bility of the centre — when the nerve goes to a centre ; when 
it goes to a muscle it awakens Contractility. 

It is absolutely indispensable that we should bear dis- 
tinctly in mind this fundamental position : that Sensibility 
is the property inherent in ganglionic tissue — the one pecu- 
liar " force " belonging to all nerve-centres, as Neurility 
belongs to all nerves. But in order to a right comprehen- 
sion of this position, as well as to a philosophical investiga- 
tion of the many problems which assail us, it is necessary 
that we make another reform in our phraseology, and cease 
to confound the idea o^ property with that o^ function. 

The property of a nerve, for instance, is that which be* 
1ft 



26 FEELING AND THINKING. 

longs to it as a nerve, and not that which arises from its 
connection with any other organ : it depends on structure^ 
as the elasticity of steel depends on the structure of steel, 
or the transparency of crystal depends on the structure of 
the crystal. 

The function of a nerve is very different : it is the use to 
which that property may be applied ; and depends on the 
connections established between the nerve and other parts. 

Property is invariable so long as the structure remains.* 
Functions are as variable as the varying nature of oi^anic 
connections. 

These principles are elementary. They lead at once to 
a most important axiom : Identity of structure everywhere 
implies idefiiity of properties. 

No matter how different the uses to which a given sub- 
stance, say iron, may be applied, it always and everywhere 
retains its properties as iron : we may fashion it into nails, 
anchors, windlasses, anvils, or cannon, and get very differ- 
ent results ; but the properties of iron remain persistent 
through all these differences of use. This, you will perhaps 
remark, is a truism. It is so ; and yet I do not recall a 
single writer on the nervous system who has not, on im- 
portant occasions, entirely overlooked it. Two examples 
will suffice to show this. Physiologists have established a 
distinction between sensory and motor nerves, which dis- 
tinction many of them refer explicitly, and others implicitly, 
to a difference in the properties of these nerves : one set of 
nerves are said to have the property of conducting sensitive 
impressions, and the other set of conducting motor stimuli 
—one having a centripetal and the other a centrifugal con- 
ductibility. We shall presently examine the validity of this 
supposed distinction; for the present it is enough to say 

* Under identical conditions, of course ; the same substance under different 
conditions wiU manifest yery different properties. Hence allotropism. 
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that although both nerves are identical in all fundamental 
diaracters — ^although their structure is identical — physiolo 
gists have no mi^vings in attributing to them different 
properties ; which is like saying that of two bars of iron 
forming a crank, one is capable of being rendered magnetic, 
and the other not. 

The second example is more directly to our present pur- 
pose. Sensibility is ascribed to the ganglionic substance of 
the Brain, or some portion of the Brain, and denied to other 
masses of ganglionic substance, absolutely identical in all 
the fundamental characters. Nevertheless no physiologist, 
to my knowledge, has been aware of this violation of a first 
principle. No one has seen that to rescue this opinion from 
such a contradiction he must prove the ganglia themselves 
to have a structural distinction, corresponding with this sup- 
posed distinction of property. Nor could this be proved. 
The contrary is demonstrable. There is no fundamental 
difference : similar cells, similar granules, similar fibres, 
and similar connective tissue are found in the one and in the 
other : nothing is found in the one that is not in the other : 
they are identical. The differences, such as they are, are 
morphological^ not histological — differences of form, not of 
Miructure — and it will hereafter appear that these accessory 
differences do not affect fundamental characters. 

It is simple logic, therefore, to conclude that there being 
oje common tissuey there must be one common property, in 
Bnun, Medulla, and Chord, however various the functions 
or uses to which this property may in each case be applied. 
Experiment clearly verifies what logic thus deductively 
concludes, namely, that the Spinal Chord is in all animals a 
seat of Sensibility ; and in some animals the all-important 
seat. This will be demonstrated in a future chapter. The 
only escape from the logic of this argument is to deny that 
Sensibility is a property at all ; and to call it the fUnction 



28 FEELING AND THINKING. 

of certain nerve-centres. But against such an issue, two ob- 
stacles are placed : First, if we refuse to consider Sensibility 
as the property of ganglionic tissue, we shall have to de- 
clare what is the property of that tissue, manifest wherever 
the tissue is in activity, and common to all nerve-centres ; 
Secondly, I shall hereafter show that all the phenomena we 
indicate by the term Sensibility are exhibited when those 
nerve-centres, generally supposed to be its exclusive organs, 
are removed.* 

Contractility is the property of muscular fibre ; and how- 
ever various the uses, or functions, of the muscles— exten- 
sors, flexors, sphincters, voluntary or involuntary — ^this fun- 
damental property is found in all. 

Neurility (i, e. the power of exciting a muscle, a gland, 
or a nerve-centre) is the property of the nerve-fibre ; and 
however various the uses, or functions, which various nerves 
may serve — as, for example, those of sight, hearing, and 
taste, those of locomotion and those of secretion — the same 
fundamental character is found in all. 

Sensibility is the property of ganglionic substance, and 
however various the uses, or functions, which different cen- 
tres may serve — those of Respiration being very different 
from those of facial Expression, and these again from those 
of Perception, and so on, — the same fundamental character 
is found in all. 

The only known stimulus which will excite Sensibility 
in a centre, is that of the active nerve-fibre. By this means 
impressions on the skin become sensations in the centres. 
By this means one centre plays on another and awakens its 
Sensibility ; an impression on the skin not only excites a 

* Until the reader has considered this experimental evidence which proves 
Bensibility to belong to all the centres, I must ask him to suspend judgment on 
this important point. Indeed I may say, once for all, that inasmuch as the new 
views advocated in these chapters belong to a system related in all its parts, 
they cannot always be Judged without reference to the whole. 
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sensation in the spinal chord, but runs up the brain, and 
there excites another sensation. While Sensibility seems 
capable of being awakened only by this one stimulus, Neu- 
rility seems capable of being awakened by a variety of 
stimuli ; and among these we must reckon the activity of a 
centre, for no sooner is a centre excited, than the nerve- 
fibres in connection with it are excited also. 



V. Ark there two Kinds of Nerve: Sensory and 
Motor? — Before proceeding further into the interesting 
question of Sensibility, it is necessary to notice another ap- 
plication of those logical canons which ought to direct our 
investigations, but which here also have been strangely 
overlooked. 

It is the universal opinion of physiologists, that there 
are two distinct kinds of nerve, named respectively the sen- 
sory and motor, the one being capable of exciting sensations, 
but no motions ; the other of exciting motions, but no sen- 
sations. This doctrine dates from Hippocrates and Galen, 
and has received continual support from the frequent cases 
of paralysis in which there was a loss of sensibility in a 
limb without loss of motion, or a loss of motion without 
loss of sensibility. A terrible case came to my knowledge 
some years ago. The patient had a complete, though tem- 
porary, paralysis of motion, while preserving his sensibility 
unaffected. He lay motionless, and had the horror of hear- 
ing with painful distinctness all that was said about his 
condition, and of feeling with painful distinctness all the 
stimulants which were applied to awaken his sensibility. 
He was tortured in the belief that he felt nothing, because 
he could not by any movement, or cry, express the pain he 
felt. Fortunately this condition was not of long duration. 
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and he recovered sufficiently to indicate the suffering to 
which he had been exposed.* 

Early in the present century Sir Charles Bell made an 
anatomical discovery which has immortalised him, and 
which seemed to furnish the final scientific confirmation of 
the long-suspected distinction between the two sets of 
nerves. It would lead us too far were we to enter upon the 
history of this famous discovery ; enough for the present if 
a brief statement of what is now the doctrine of the schools 
be la,id before the reader. 

There are nerves which, on being stimulated, excite mus- 
cular contractions : these are the motor nerves, and we can 
follow them into the very substance of the muscles, where 
they end, we know not how. There are nerves which, on 
being stimulated, excite sensations : these are the sensory 
nerves, and we can follow them into the skin, or the organs 
of sense. Finally, there are mixed nerves^ which excite both 
contractions and sensations : but these, although their fibres 
are contained within a common trunk, are really two differ- 
ent nerves, having different origins in the centres, and differ- 
ent endings in the muscle and skin. For the sake of sim- 
plicity, we will confine ourselves to the sensory and motor 
nerves which issue from the spinal chord in thirty-one pairs, 
and which, shortly after their issue, unite to form trunks. 

The Spinal Chord is formed of two halves, much as the 
cerebrum is formed of two hemispheres. Each half sends 
forth its own pairs of nerves ; and each pair has a double 
root — one root issuing from the anterior colunms of the 
chord (in animals the under part), and the other root from 
the posterior columns (in animals the upper part). In fig. 

* In the French translation of Sir Charles BelPs Nervtma System qf the Bu- 
man Body^ there is an Interesting record of a man who from a fall had entirely 
lost his sensibility on the right side, though preserving his i)0'wer of moyemcnt 
an4 had entirely lost the power of movement on the left side, though preserving 
his sensibility. 
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40 the anterior and posterior columns are represented with 
two pairs of roots. The anterior root A is seen to join the 
posterior P just below the ganglion g, after winch the two 
become one trunk, to divide and subdivide like the branches 
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of a tree. The foUowiiog diagram of a Iratisverse section 
through the Chord will render tbe arrangement more intelli- 
gible. These posterior and anterior roots (fig. 41, e and d) 
are called respectively the sensory and motor routs. It is 
m^ntuned that tita fibres furnished by the one root have 
the power of transmitting impressions only lo the Brwn, 
whereas tbe fibres furnished by the other root have I3i6 
power of transmitting impressions /rom the Brain to the 
musdes : the posterior root is afferent, and awakens sensa- 
tion, but never motion ; the anterior root is efferent, and 
awakens muscular contraction, but never sensation. The 
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assumed proof of this important poeition is as follows 
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the posterior root bo divided {as at a b, fig 42, a) before tli 
union with the other root, no amount of irritation of ti 
cut end, a, will produce muscular contraction, 1 
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If, on the other hand, the anterior root be divided (as at 
c d, fig. 42, b), the reverse is noticed — the cut end, d, may 
be irritated without producing the slightest sign of sensi- 
bility, whereas irritation of the cut end, c, is instantly fol- 
lowed by contraction of the muscles to which the nerve is 
distributed. Tliis shows that the anterior root is the channel 
for muscular stimuli but not for sensitive impressions. 

It was incumbent on me to expound the views held by 
all the physiologists of our day respecting the two kinds of 
nerves. Having discharged that duty to the public, there 
is another which remains. I believe that the view just 
expounded is erroneous, founded on a misconception, and in 
open contradiction with first principles. In two papers read 
before the Aberdeen Meeting of the British Association,* I 
pointed out the source of the misconception, and the evi- 
dence which destroyed the supposed distinction. 

The anatomical discovery of Sir Charles Bell is now 
unimpeachable. f As far as demonstration can go, it has 
been demonstrated that the anterior nerves move the muscles 
to which they are distributed ; and the posterior nerves 
convey sensory impressions from the skin, to which they 
are distributed. The opponents have long been silenced. 
Europe is convinced. But this discovery has been sup- 
posed to imply a physiological distinction respecting the 
properties^ or functions, of the two nerves ; and against 
this interpretation Professor Arnold, of Zurich, many years 
ago raised his voioe, declaring that Bell and his followers 
had made the initial mistake of confounfing muscle-nerwcs 
with wioft)r-nevers.J But Arnold's voice was lost in the 

* On the SuppMed DUtineiion between Sensory and Motor Nerves ; and, A 
DemonpreUion of the Muscular Sense. 

t WMle these sheets are passing through the press, M. Amkdk Pichot has 
published the history of this discovery in his brief but very agreeable biography: 
Sir CharUe Bell : Histoire de se Vie et de ses Travaux. 

X Abnold : Uebet die Verrichtung der Wurzeln der RUckenmarksnervenf 1844. 

18* 
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chorus of Bell's followers. Indeed, neither the state of ana* 
tomical knowledge, nor the possession of a general doctrine, 
permitted him to give his arguments and experiments their 
value ; and I have not met with a single physiologist who 
has embraced his views* Nevertheless I think Arnold was 
right ; and having reached the same conclusion by a different 
I'oute, I feel it a duty not to shrink from opposition to the 
teachers who most claim respect* 

Referring to the distinction already established between 
property and function (p. 21), our first effort must be to 
ascertain whether the supposed difference between the two 
nerves is one of property, or one of function. It cannot be 
one of property, because the structure of the two nerves is 
identical,* and identity of structure, we know, implies iden* 
tity of property. Moreover it has been proved experi* 
mentally by Dubois-Reymond and Schiff, that both nerves 
conduct in both directions. 

Is the difference one of function ? There are doubtless 
many, who never believed it to be one of property, but con- 
ceived that it arose simply from the fact that the anterior 
nerves played upon muscles only, and therefore only awak^ 
ened Contractility; and that the posterior nerves played 
upon the centre only, and therefore only awakened Sensi* 
bility. This was the opinion I formerly held. But if this 

* It is unnecessary here to enter on the detailed proof, t have done so in the 
paper read befbre the British Association, and will only add that Schiff rests 
the structural distinction on the feust shown by his experiments, that although 
nerves which have bebn divided grow together again, a motor-nerve will not 
unite with a sensory ne^e. The £aot is Valuable } but as \^e are at present ut- 
terly in the dark respecting the nutrition of nerves, we can found no conclusion 
as to their properties on any differences they may exhibit in nutrition. Schiff 
has himself proved that motor nerves conduct both ways — centripetally and cen- 
trifugally ; and for my purpose that is all the proof necessary« The want of 
some recognised doctrine could alone permit so eminent a man as Kollikxr to 
write as follows : " In respect of nerve-fibres, Anatomy is unable to discover 
any difference between sensory and motor; but this can in nowise furnish 
Physiology with a ground for supposing that the nerves have similar fano 
iiona \"-^Getcelbelehret 1859, p. S52. 
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has been the opinion held by some physiologists, they have 
not given it predse and scientific statement — ^they have not 
ui^ed the necessity of founding the idea of function on ana- 
tomical dwirihutum. Had they done so, Anatomy would 
speedily have ccmvinced them, as it convinced me, of the 
error of regarding the nerves as essentially distinct in 
function. 

Messrs, Todd and Bowman, in their valuable work, re> 
mark that it is not necessary to suppose any intrinsic diflfer- 
ence of structure in the nerves capable of producing effects 
so manifestly different. '^The actions of a nerve depend 
upon the nature of its central and peripheral connections.^^ * 
Very true. But what does Anatomy teach us, respecting 
these connections % It teaches that as regards the centre, the 
two nerves a>gree ; and so far they must agree in function. 
It further teaches that as regards the periphery y the two 
nerves differ ; and so far they must differ in function. Both 
are directly connected with the ganglionic substance of the 
Spinal Chord, and both must therefore have a similar func- 
tional relation to it : but as one is directly connected with the 
muscles, and the other with the skin, their functional rela- 
tions to muscle and skin will, of course, be different. Noth- 
ing can be plainer ; yet by an oversight which will one day 
appear astounding, physiologists have one and all disregarded 
the very important fact that both anterior and posterior 
nerves are similarly connected with the Spinal Chord, and 
consequently must exercise a similar influence on it.f 

* Todd and Bowman : Physiol. Anat.f i. 231. 

t ThoB SoHROXDKB TAN DBB KoLE, in his important work, maintains that 
the Medulla Oblongata is the seat of Perception, becanse there the sensory 
fibres terminate in nerve-cells ; yet he denies that the motor fibres, which also 
terminate in nerve-cells (according to him), can have anj sensory fanction. 
See Bau und Functionen der Medulla Spinalis in several places. He also ez- 
plidtly says that the grey matter of the Chord is only concerned with co- 
ordinating movements ; whereas the same grey matter in the Medulla Oblongata 
is aenaitive !— pp. 73, 83. 
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Surely if one nerve can excite the ganglionic centre with 
which it is connected, a similar nerve, similarly connected, 
must also similarly excite that centre ? To assume that of 
two nerves having the same property and similar connections, 
one only should exercise that property, and the other be 
utterly powerless, is a license of imagination which Logic 
must reprove. 

Observe, I say the relation is similar, not the same. It 
requires but a moderate acquaintance with microscopic ana- 
tomy to be aware that the anterior and posterior roots differ 
in their distribution over the Spinal Chord ; indeed, it is 
partly upon this difference of distribution that I explain to 
myself the different forms of sensibility excited by each 
root. But underlying this diversity there is a iundamejital 
agreement : both are in direct connection with the gangli- 
onic substance, and both must excite its activity. Hence they 
may be called similar, though not the same. The form of 
sensibility excited by the anterior root is as unlike the form 
of sensibility excited by the posterior root, as the sensation 
of Sound is imlike the sensation of Light, which are never- 
theless similar, in being both sensations. 

Thus does Anatomy, philosophically interpreted, teach 
the sensory function of both nerves. The same aids will 
make clear to us wherein the nerves differ. It has already 
been stated that the difference in their peripheral connections 
necessarily brings about a corresponding difference in their 
functions. The function of moving a muscle is assigned to 
the nerves distributed to muscles ; the function of convey- 
ing impressions of touch, temperature, tickling, &c., is 
assigned to the nerves distributed to the skin, where alone 
these impressions can be made. So intimately is function 
dependent upon anatomical distribution, that the very nerve 
which is sensitive to touch and temperature, if the stimulus 
reach it through the skin, is i}ot susceptible to either (but 
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only to pain), if the stimulus be directly applied to the 
nerve.* 

The posterior nerves, being distributed to the skin, can, 
it is obvious, only exercise a motor function in as &r as they 
are related to moving organs, or muscles. Now in the skin 
there are such organs, insignificant enough, it is true, and 
only discovered within the last few years : these are muscu- 
lar fibres surrounding the hair-follicles ; and it is these which 
the posterior nerves cause to contract. If there were no 
muscular fibres in the skin, the posterior nerves would have 
no motor function ; but they would have the possibility of 
exercising such a function. As, however, there are such 
fibres, the nerves have this function — ^not a very energetic or 
striking one, perhaps, but the same in kind as that of the 
anterior nerves. 

Thus does Anatomy assure us that both nerves are 
sensory, and both nerves motor. With this torch in our 
hands, let us enter the otherwise obscure path of experi- 
mental inquiry. It is unnecessary to prove the motor 
function of the muscle-nerves ; let us inquire into their 
sensory function. If the mudcle-nerves can excite any 
Sensibility at all, it must be that of what we call the Mus- 
cular Sense, by which we adjust the manifold niceties of 
contraction required in our movements.* In a future chap- 

* I foimd that pinohing or eutting one of the eensory nerves of a frog under 
the Bkin of the hack, produced no sign of sensihility whatever ; wherens prick- 
ing the skin to which this nerve was distributed immediately cansed the frog 
to leap. VoLKXAVH many years ago drew attention to the great difi^rences in 
the senBihility of a nerve when irritated at its periphery, or at tlie trank ; and 
Profesflor BoHirr of Berne, to whom I mentioned the experiment just alluded 
to, assured me that it was quite consonant with all he had observed— and few 
have had larger experience. 

t That muscles communicate with centres and awaken sensations (which can 
only be done through their nerves) is thus admitted by Todd and Bowman : " A 
eontinned or violent irritation of a motor nerve in some part of its course, 
causing spasm or convulsive movement of the muscles it supplies, may be prop- 
ogatBd along Us whole length to the centre, and may there give rise te irritaiion gf 
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ter, (Our Senses and Sensations,) this muscular sense will 
be examined in detail, and the proof furnished that this 
form of sensibility persists when all external stimuli fail to 
awaken any sensation whatever. For the present we must 
be content with the fact that there is a peculiar sensi- 
bility derived through the muscles, and that this must have 
for its channels either the posterior, or the anterior nerves. 
So much is beyond question. Now it has been proved by 
the experiments of Arnold, Brown-S6quard,* and the present 
writer, that the posterior nerves may be divided without 
destroying this muscular sensibility. Indeed Brown-S6quard 
divided all the sensory roots of the four extremities of a frog, 
yet not only did this frog execute its ordinary muscular 
adjustments, but when its nose was irritated with acid, the 
fore-leg was employed to rub the acid away. Perhaps you 
think that this frog moved its limbs by an effort of the will ? 
To anticipate such an objection, I etherised a frog, removed 
its brain, and skinned it : the animal was thus rendered 
insensible to all external stimuli, and without a brain to 
direct its movements ; yet it adjusted its muscles, and rubbed 
away the acid from its irritated nose (the only spot sensitive 
to external irritations, because the only spot which retained 
its skin) as perfectly as an uninjured frog would have done.f 

neighbouring fibres^ whether motor or sensitivet exciting more convulsion and 
pain."— Physiol. Anat.^ i. 232. 

* Abkold : H&ckenmarkenervenj p. lU-llS. BROWH-SiQUARO^s Lectures in 
the Lancety 8d July, 1858. 

t I seize this opportunity to defend myself, and other experimentalists, from 
the charge of cruelty, in performing experiments on live animals. The ques* 
tion is too large to be argued here ; but aa a purely penMmal matter I may say, 
that all my friends know my great fondn^s for animals of every kind, and the 
almost excessive shrinking from the eight of pain which renders it unendurable 
for me to see animals suffering. Had it not been for the discovery of ether and 
chloroform, I should never have pushed my investigations to the length of ex- 
periment on live animals, where great pain could be supposed to foUow. But it 
is now becoming almost universal, not simply out of tenderness to animals, but 
out of regard for accuracy, to render animals inaenai^ before performing any 
aerious operation. A frog or salamander, after being etherised, romaiiui utterly 
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The oondusion seems irresistible, that the muscular 
setisibility is derived through the anterior, or muscle-nerves. 
What is to oppose such a conclusion 1 Nothing but the 
negative argument^ which is furnished by the experiment of 
dividing the roots of the nei*ves (see p. 28). If the reader j 
who has followed the exposition thus far^ will consider this 
experiment attentively, he will see that^ instead of being the 
victorious experiment it is commonly believed to be, it does 
not touch the question at all. I admit, without reservation^ 
the &ct that) when the anterior root is irritated, the animal 
gives no sign of sensation. But I affirm that those, who 
demand such a sign, demand a kind of evidence which can^ 
noty in the nature of things, be given, let the anterior root 
be never so unequivocally sensitive. Simple logic assures 
us that the sensibility excited by the muscle-nerves cannot 
be the same as that excited by the skin^nerveSj any more 
than the sensibility excited by the optic nerve can be the 
same as that excited by the auditory nerve* The argument 
I am combating would, if admitted, serve to prove that the 
optic nerve was not sensory ; for the optic centre will not 
respcmd to odours, soimds, heat, or cold ; and when it does 
respond to a stimulus, will only respond as a sensation of 
light — ^that is to say, its own special form of sensibility- 
whatever stimulus awakens it* Cut the optic nerve in two 
—pinch itj prick it, bum it, and you produce no pain> noth- 
ing like it, nothing but the sensation of a flash of light. 
Now, if we are justified in attributing muscular sensibility 

ixueneible fbr more tlum two hours ; and dogs leap upon the ot>erating-tabIe on 
which they haye hefore been etherised, with as much alfterlty as if they had 
been fed thwe. It la the woimdtfi^, and not the toouyuf, which causes pain. Cat 
a rabbit's spine in two, and you may see him in a few minutes quietly eating, as 
if nothing had been done to him. That some experimenters put animals to 
great pain, and sometimes do so with unjustifiable thoughtlessness, is true ; but 
cruelty is neyer their motive : they inflict pain, not for the sake of exercising 
power, but for the sake of gaining that scientific knowledge which is to lessen 
the pain of fatore men and women. 
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to the anterior nerves, it is obvious that these nerves when 
irritated can only excite muscular sensations, and no others. 
It is further obvious that the signs of such sensations must 
be very different from those of other sensations. Let us 
suppose that an irritation of the anterior root, by pricking 
or galvanism, does awaken this muscular sensibility, by what 
sign could the fact be known ? The irritation produces no 
pain ; it can only produce that sensation which accompanies, 
or precedes, adjustment of the muscles, or one of the vague 
but difftisive sensations which muscular sensibility contributes 
to the general consciousness. The direct response to such a 
sensation would be an adjustment of the muscles to which 
the particular nerves were distributed ; but this cannot take 
place, because the connection between these nerves and 
muscles is cut off. What sign could be manifested ? Evi- 
dently none at all. The negative argument, therefore, which 
this experiment was supposed to furnish, does not touch the 
question ; and the positive proof that the anterior nerves 
minister to muscular sensations, remains unaffected. 

Having proved the sensory function of the anterior 
nerves, it is not difficult to prove the motor function of the 
posterior nerves. They cannot move the muscles, simply 
because they are not distributed to the muscles ; but they 
move the muscular fibres of the skin and cause the contrac- 
tions of the skin. Claude Bernard, seeing the necessity of 
explaining the existence of sensibility in the muscles and con- 
tractility in the skin, boldly assumed — and has stated it as if 
it were a fact — that the posterior nerves sent off filaments to 
the muscles, and the anterior nerves sent off filaments to the 
skin. But anatomy will not support that assertion. 

There has been no collection of facts to throw light on 
the movements of the muscular fibres in the skin ; but it is 
worth inquiring what share they have in the erection of 
quills upon the fretfiil porcupine, or the hairs on the back 
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of an irritated dog. Division of the posterior roots would, 
I should anticipate, prevent the quills of the porcupine from 
rising up. But there is no experimental evidence on this 
subject at present. 

The conclusions to which we are thus led are as follows : 
There is no fundamental distinction between the two nerves ; 
both are sensory, and both are motor ; but they are so in 
different degrees. They are, strictly speaking, distinguisha- 
ble as muscle-nerves and skin-nerves : the muscle-nerves be- 
ing the channels for muscular sensations and muscular move- 
ments ; the skin-nerves being the channels for skin-sensa- 
tions and skin-movements. But inasmuch as the muscle- 
nerves have an energetic motor function, far surpassing that 
of the others, the name of motor may continue to designate 
the anterior nerves ; and further, as the skin-nerves are 
channels of more intense and more various sensations than 
the muscle-nerves, the name of sensory may continue to 
designate the posterior nerves — it being understood that 
these are merely verbal distinctions employed for con- 
venience.* 

We have now gone over the chief points needful to be re- 
membered respecting the structure and properties of the 
Nervous System, and it is hoped the reader's patience has 
not been too severely taxed. To have passed more lightly 
over these points would have rendered our future progress 
less secure, and we should have been less able to grapple 
with those questions of more general interest, which cluster 
round Feelikg and Thinking. Something like a scientific 
basis has been laid down ; let us now see to the superstruc- 
ture. 

♦ Some exi>erimenters have endeavoured to prove that one half of the grey 
matter of the Spinal Chord is devoted to motion, and the other half to sensa- 
tiou; bat the decisive experiments of Schiff have shown that both halves are 
motor and both sensory ; and I regard this as a final proof of the doable fane 
lion of each nerve-root connected with each half. 
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VI. Where is the Sensorium ? — ^The Sensorium means 
the seat of sensatioD, or consciousness. The term sensorium 
commune means that there is one particular seat for all 
sensations whatever. "Where is that important seat 1 

According to the principles laid down in these pages, 
Sensibility is the fundamental property of ganglionic tissue, 
and inherent in this living tissue, as Contractility is inherent 
in the living muscular tissue. It is therefore clear that we 
must make the Sensorium, or seat of Sensibility, coexten- 
sive with the nervous centres. 

This is by no means the opinion of Physiologists, They 
aver that there is only one centre, or one group of cen- 
tres, which is endowed with Sensibility. As they have no 
logical basis for this position, we need not be surprised to 
find them by no means agreed respecting the centre, or cen- 
tres, which are thus arbitrarily selected for the Sensorium. 
It seems a matter of fancy with the majority ; and as one 
man's fancy is a^ good, or bad, as another's, we find one 
stoutly affirming that the Sensorium is not where another 
positively places it. Boutekoe, Lancisi, and others, placed 
it in the corpus callosum ; why not, since the selection seems 
arbitrary 1 Willis placed it in the corpora striata ; Des- 
cartes in the pineal gland; Vieussens in the centrum ovale; 
Boerhaave in the boundary-line of the grey and white sub- 
stance ; Mayer in the medulla oblongata, and Camper in the 
pineal gland, nates, and testes. They might just as well 
have placed it in the jawbone or eyebrows, as far as any 
scientific warrant can be given for one of these opinions. 
And if their modem successors hare been less palpably ab- 
surd, they seem almost equally to have wanted any guiding 
principle. 

Much more philosophical was the conception of Whytt. 
" As the schoolmen," he says, " supposed the Deity to exist 
in every ttbi but not in any place, which is to say in Latin 
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that he exists everywhere, but in English nowhere ; so they 
imagined the soul of man not to occupy space, but to exist 
in an indivisible point. Yet whoever considers the struc- 
ture and phenomena of the animal frame, will soon be con- 
vinced that the soul is not confined to an indivisible point, 
but must be present at one and the same time, if not in all 
parts of the body, yet at least wherever the nerves have 
their origin ; t. c, it must be at least diffused along a great 
part of the brain and spinal marrow."* 

Some years later the admirable Prochaska adopted a 
somewhat similar view. He conceived that the Brain (cere- 
brum and cerebellum) was devoted to the purely intellectual 
operations — ^to the " soul-sensations," as he calls them — and 
the rest of the spinal axis, including the under portions of 
the Brain, formed the aensorium commune, devoted to the 
"body-sensations." He defined the sensorium much as 
Whytt did : *' it is coextensive with the origin of the 
nerves." Like Whytt and Unzer, he rightly perceived that 
the sensorium must extend to the spinal chord, because de- 
capitated animals manifest actions " which cannot take place 
without the consentience and intervention of the nerves ; for 
the decapitated frog, if pricked, not only withdraws the punc- 
tured limb, but creeps, and leaps, which cannot be done with- 
out the consensus of the sensorial and motor nerves, the seat 
of which consensus must necessarily be in the spinal chord." f 

In this, as in so many other questions, Prochaska seems 
to me to have been very near the truth. He falls short in 
the want of a clear conception of the relation between prop- 
erty and tissue. Had he made the identity of the ganglionic 
substance the ground for assuming an identity of property 
in all ganglia, his own admirable conception of the Eeflex 

♦ Whttt : Eaaay on the Vitttl and other Involuntary Motions^ 1751, p. 380. 
t UvssB and Pbochaska On the Nervous System (translated by Dr. Li.T- 
COOK), p. 480. 
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Actions would not have been displaced by the modern, and, 
as I think, erroneous, Eeiflex Theory, but would have fur- 
nished convincing evidence of the truth of his views respect- 
ing the sensorium. 

According to the view adopted in these pages, the senso- 
rium commune, or general seat of Sensibility, is the sum 
total of all the nerve-centres ; while each centre is itself a 
small sensorium. But although all nerve-centres agree in 
having one common tissue, and one common property, they 
differ more or less among themselves in their organic con- 
nections with other parts, and must therefore differ in their 
functions. It is the neglect of this distinction which has for 
so long masked the truth. 

A careful inspection of the various ganglia suffices to 
show, that while the arrangement of their tissues is some- 
what various, the tissues themselves remain identical. In 
the Brain, for example, the white matter is inside, and the 
grey matter outside ; whereas in the Spinal Chord the re- 
verse takes place ; and in some other Ganglia the white and 
grey are intermingled. But such variations will not alter 
the fundamental properties. It may be anticipated, indeed, 
that men sharing the ancient prejudice respecting the Brain 
as the exclusive scat of sensation, will point to the different 
morphological structure of the Brain as a proof that its prop- 
erties must be different from those of the Spinal Chord. 
But I think the evidence is irresistible which shows. First, 
that the Sensibility of the Brain depends on histological, not 
on morphological, structure — in other words, on the tissue 
itself — and not on any arrangement of that tissue; and 
Secondly, that the Spinal Chord is a seat of sensation. The 
first point only can be touched on for the present. It will 
scarcely be denied that Insects, Crustaceans, and Molluscs 
are endowed with Sensibility. Those who deny them every 
vestige of Intelligence, will nevertheless admit that they can 
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ss we adopt tlie hypothesis of Descartes, that all 
liimals ore mere macblnos,* we ttiust admit that, in Bpitc 
^ the varieties in their nervoua systems, they have one 
T in common — Sensibility. 

Jut now, what does comparative anatomy teach us ? 
Hea that, corresponding with this properly, which all 
1 have ia common, there is a ihgiie they have in c 
.; hut with this fundamental ^^^ ^ 

tohgUal resemblance, there is 
orphologieal diversity. 
rvB-tissue is everywhere simi- 
; the arrangements of that 
■e very various. In the sim- 
ftat form of the Nervous System 
', discovered — namely, that of 
I Atcidiajt (an animal shaped 
9 a flask with two short necks, 
laimng for ever fised oo one 
—it consists of one ganglion 
\ few nerve-threads. Higher 
>e scale we meet with a mollusc 
as the Apli/gia (sea-hare), 
; five aanglionic masses (fig. Ksmura Btetw o* ArLreu. 

I still higher development, and one approaching the 
e form, ia seen in fig. 44, where the ganglia are ar- 
ymmetrically along the axis of the body. These 
« are, it is obvious, very unlike those of man or verte- 
e of animals; yet if we examine the tissue of these gwi- 
a shall find it to be aa much like the ganglionic tissue 
OS the muscles of these animals arc like the muscles 
From this resembltutce in structure we conclude 
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Fig. 44 



that there is a corresponding resemblance in property ; and 
finding that insects and molluscs manifest signs of Sensibili- 
ty, we have no difficulty in assigning Sensibility to this very 
structure. 

The ganglia placed in the head of an 
insect are, morphologically, utterly unlike 
the Brain of a vertebrate animal ; never- 
theless having similar organic relations — 
that is to say, being in connection with the 
higher organs of Sense — we have no hesita- 
tion in speaking of the brain of a Bee. What 
amount of intelligence the bee may possess 
we do not know; but we see that it has 
Sensibility and Volition ; and anatomists 
generally regard the ganglia connected with 
the organs of Sense as the seat of this Sen- 
sibility and Volition. For my present pur- 
pose it is enough to take note of this ad- 
mission. If the cephalic ganglia of an insect 
can be credited with Sensibility and Volition, 
in spite of their morphological unlikeness to 
the Brain, and in virtue of their possessing 
a similar tissue, and similar organic connec- 
tions ; surely the ganglia of the Spinal Chord 
may be credited with Sensibility and Voli- 
tion, in spite of their morphological unlike- 
ness to the Brain, seeing how very closely 
they resemble the Brain in tissue. 
Let no one suppose that the mere position of the Brain 
and cephalic ganglia, endows them with this property of 
Sensibility. Properties do not originate in anatomical posi- 
tions. Unless the Sensibility were present, no connection 
with the organs of Sense would avail. In experiments on 
the Sensorial Centres of Insects (not yet published), I found 
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or Centipede. 
(After Dalton.) 
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that the ganglia styled " Brain " are in no respect different 
from the other ganglia in structure or in property ; the only 
differences observable arise from the organs of Sense, or 
Motion, with which they are connected : i, e., their functions 
differ. And we shall hereafter see that, in man and verte- 
brate animals, the differences in the functions of the various 
oi^ans of the nervous system are all forms of Sensibility, 
determined by their different connections with other parts 
of the body. 

The view adopted by modem physiologists is very differ- 
ent ; but the facts remain the same whichever interpretation 
be adopted ; and I only urge mine because it is based on 
certain simple and indisputable principles, and makes the 
present chaotic condition of our knowledge a little less 
chaotic The current view is this : Sensibility belongs only 
to the centres within the skull ; all other centres have only 
the property of reflecting impressions. By this reflection of 
impressions is meant, that when an impression is made on a 
sensory nerve, and by it carried to the spinal chord, the im- 
pression there becomes reflected into a motion — ^the motor- 
nerve carries the impulse to a muscle ; and thijs an action 
results, unprompted or unaccompanied by any sensation 
whatever. 

In direct opposition to this, I maintain that unless an 
impression on the sensory nerve excites a sensation in the 
centre, no motion whatever takes place. But the proof of 
this must come later on. 

VII. Sensibilitt, Sensation, and Consciousness. — We 
have now reached the cardinal question in nerve-physiology, 
the dear answer to which must necessarily determine our 
answer to many other questions. 

It is somewhat remarkable that while many physiolo- 
gists might be disposed to concede that all nervous centres 
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were endowed with Sensibility, they would almost unani- 
mously reject the inevitable consequence, that all nervous 
centres, in action, give rise to Sensation, and thus furnish 
elements to the general Consciousness, They have no diffi- 
culty in admitting that Contraction is the active state of 
Contractility in a muscle ; but that Sensation should be the 
active state of Sensibility in a nervous centre, does not seem 
to them so clear. Guided in their use of language by the 
deep-rooted prejudice respecting the Brain, they establish a 
wide distinction between " sensitive impressions " and " sen- 
sations," and hence they find no difficulty in speaking of 
" unfelt sensations," and of " unconscious sensibility." It is 
not with a view to accuracy in language only that I suggest 
the desirableness of getting rid of such terms ; no impres- 
sion can be sensitive without sensation. Let us see if great- 
er accuracy of language will not help us in our inquiry. It 
is maintained on all hands that sensation is impossible with- 
out consciousness. Let this be granted. But when Con- 
sciousness itself comes to be spoken of, we find that the 
Brain is regarded as its exclusive seat ; and the conclusion 
of course is that no sensation can be produced by an impres- 
sion, unless that impression reach the Brain. If an animal 
without its Brain is shown to exhibit every sign of sensation 
exhibited when the Brain was present, the physiologists 
argue that we must not suppose the brainless animal really 
has sensations ; far from it : it has only sensitive impressions 
which produce reflex actions, without any Consciousness on 
the part of the animal. To have sensations and to be con- 
scious of sensations, is one and the same thing. To have a 
sensation and to know that we have it, are two things, not 
one thing. Knowledge cannot exist without consciousness ; 
but consciousness may, and often does, exist without knowl- 
edge. 

But what is meant by consciousness ? Unhappily there 
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are scarcely two writers who precisely agree in their use of 
this term.* Some use it as the synonym of the soul; 
others as a distinct faculty. It is sometimes employed to 
designate sensation, and at others only those sensations 
which usurp the attention. All we can attempt in this place 
is to fix the precise meaning of our terms, and stick to that ; 
and as Consciousness more generally implies sensation than 
anything else, we will elect that meaning, and see if by it 
we cannot dear up manifold contradictions. 

The fact that we have a sensitive organism is indisput- 
able ; not less so the fact that this organism is incessantly 
excited by external and internal stimuli. Every such exci- 
tation of the sensitive organism must be a sensation. These 
sensations will necessarily be very various, as the organs 
excited, and the exciting causes, are various ; but they must 
all be sensations, they are all active states of the general 
property of sensibility. ErgOj they must all be elements 
of Consciousness. 

The established doctrine affirms, or implies, that only 
those excitations of sensibility which are sufficiently vivid 
to predominate among the myriads fleeting over our organ- 
ism, and thereby to attract attention, are properly called 
sensations. Of these we are said to be conscious. The rest 
are considered as non-existent — ^unconscious impressions, 
which may lead to actions, but are not sensations. 

It is of course permissible to define terms as you please. 
Writers may call that, and that only, a sensation, which 
separately solicits the attention ; they may declare that un- 
less it is " perceived," no sensation can exist. So long as 
this language is rigorously preserved, it may be unobjec- 
tionable. But it cannot long be preserved. Insensibly 

* Mr. Bath fills no lesa than six large pages with an enmneration of the 
TarionB meanings given to it by English writers. Bee " The Smotiona and the 
Win," p. 680. 
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writers are led by it into the glaring contradictions of un- 
felt feelings and unconscious consciousness.* For example, 
the chest expands and contracts in respiration ; and if we 
attend to it, a peculiar sensation is perceived accompanying 
the process ; but if attention be elsewhere directed, the sen- 
sation is not perceived. Now we know that in both cases a 
sensory stimulus, playing on the respiratory centre, was re- 
flected as a motor stimulus on the muscles, and we are there- 
fore forced to adopt one of two alternatives : 

Either the same sensation was evoked in both cases, al- 

though perceived only in the first; 
Or, Attention is itself the creator of the sensation. This 
latter alternative is too purely metaphysical for the 
physiologist, who in vain endeavours to conceive the 
Attention endowing a sensory nerve with such a 
quality.f 
On this point let us hear Miiller : '< Sensation itself must 
be distinguished from attention (the direction of the mind to 
sensations), and from the faculty of forming ideas from sen- 
sations. Attention appears to be a function of the cerebral 
hemispheres ; by their removal the animal is rendered stu- 
pid, but sensation remains. Among a certain number of 
simultaneous sensations we are able to direct our attention 
to a single one so as to perceive it not only more distinctly 
than the rest, but definedly and in its whole intensity." % 
We may also quote the remarks of Gerdy on the popular 

* " The subject has been mystifled by Arnold and others, by disoussions 
about sensations with, and without, c<m8cionsne88, as if the latter phrase were 
not a contradiction in t^ms ; and even Professor Alison writes in the following 
manner—* In order that these sensations may be felt ;> as if the phrase were 
not one of perfect tautology.*'— Marshall Hall : New Memoir on the Nervout 
Sfjfttemf p. 85. 

t The eminent physiologist Lvdwio unequiyocally declares that we only re- 
eeiye a sensation so long as we attend to it»~-Lehrbueh der Pkyaiologiet 1858, i. 
696 ; and many others might be eited to the same effeot. 

X Mullib : PhytioL ; by Balt, i. 829. 
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confusion of terms. " If, " he says, " it is necessary that 
there should be a perception for the existence of a sensation, 
it will follow that the words sense and sensitive have a double 
meaning, the one patent — to wit, that the organs indicated 
are sentient ; the other occult — to wit, that the organs are 
not sentient in themselves, but only in conjunction with per- 
ception. Whence it results that the senses are not sentient, be- 
cause they do not perceive ; and the Brain alone has this privi- 
lege, because it perceives although it is itself insensible."* 

Every one will admit that attention does not create the 
sensation. All it can do is to isolate one sensation from the 
crowd of simultaneous sensations; nay, one may ask whether 
attention itself be anything more than that very isolation of 
one sensation from the crowd? Sir Henry Holland sug- 
gests that attention is only the direction of the conscious- 
ness ; f but leaving this matter to the psychologists, let us 
content ourselves with discriminating the elements of sensa- 
tion from those of perception. Sir William Hamilton, 
whose multifarious learning embraced even the recondite 
questions of physiology, has announced the law : That a 
nervous point yields a sensation felt as locally distinct in 
proportion as it is isolated in its action from every other 
point. I This law of local distinction must be extended to 
every distinction of sensations : only when one impression 
is isolated from the several simultaneous impressions, can it 
so far arrest attention as to be perceived. Let an example 
be cited: 

During the performance of an orchestra we may single 
out a particular instrument, or group of instruments, fol- 
lowing them with attention. It is obvious that in doing so 
we never endow these instruments with any real increase of 

* Obbdt : Phjfaiologie phUoaophique dea Senaatuma^ p. 20. 
t HoLLAVD : Chaptera on Mental Phyaioiogy. 
X HAiaLTOV : Diaaart. to ReUPa Worka, p. 802. 
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intensity, or with any new power : the amount of sensation 
they awaken in us is not exalted by our attention ; neverthe- 
less, because we haye isolated that sensation from the har- 
monious concord of sounds, amid which these instruments 
move, we perceive sounds which before were unperceived, 
and which by less experienced ears always would remain 
anperceived, merged in orchestral thunder. In common 
language we are said not to hear the particular instruments, 
when we cannot separately follow them. Yet nothing is 
more certain than that we do hear them. We are affected 
by them. Suddenly silence those instruments in the very 
dimaz of a crescendo, and the storm of the others wiU not 
prevent our distinctly perceiving some difference. 

We shall do well to hold fast by the maxim that to 
have a sensation, and to be conscious of it, are one and the 
same thing ; but to have a sensation, and to attend to it, are 
two different things. Attention is the direction of the con- 
sciousness — not the consciousness itself. We shall do well 
also to hold fast by the distinction very properly established 
between Sensation and Perception. That this distinction is 
constantly overlooked, is the cause of much disagreement, 
imd it is the confusion of the two terms which lies at the 
root of the current doctrine on the Sensorium. 

Let us open Todd and Bowman's work, and read the fol- 
lowing passage, in which these eminent physiologists ex- 
press with great explicitness the view I am opposing : " A 
state of the sensitive organs and a corresponding perception 
by the mind, must concur to produce sensation : either con- 
dition may exist alone, but then the phenomenon is not a 
true sensation in the acceptation here given to the word. 
Thus light falling on the eye in sleep excites the whole vistial 
sensitive apparatus while the organ of perception is in- 
active." * 

* Todd and Bowmui : Phtfsiologiedl Anaiomy, I i02. 
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Without denying to these writers the privilege of defin- 
ing their terms as they please, I must ask what advantage 
there can be in blending together the two words Sensation 
and Perception, inasmuch as we must afterwards invent a 
term to express the excitement of the sensitive apparatus ? 
This excitement is specific, and its sensational character is 
visible in the efiects produced by it — for the sleeping man 
thus excited, perceives no object, but he feels the sensation, 
and moves away his head from the light in consequence. 

It will be more exact, and more convenient, to restrict 
the term Sensation to the simple reaction of the Sensitive 
Organism. 

There is, I am aware, an unfortunate ambiguity in our 
popular language, which renders it plausible to say that un- 
less a sensation is perceived, it is the same as if it did not 
exist. Yet closer scrutiny detects that we certainly must 
have many sensations which are not perceived at all. Thus 
if two sharp instruments be made to press gently on each 
arm, we shall have two distinct sensations, both perceptible. 
Whether these two sensations are simultaneous, or succes- 
sive, matters not, the two impressions on the sensitive 
nerves excite two sensations in their centres. But now, 
while the left arm retains its sensibility, if the instrument 
be pressed so forcibly on the right arm as to cause pain, we 
become totally unaware of the sensation in the left arm — 
we can no longer perceive the sensation caused by the in- 
strument, which nevertheless is pressing as before. Is the 
sensibility in the left arm destroyed 1 Not at all. Does 
the sensation cease to exist during the period when we cease 
to be aware of it 1 No : the impression has continued ; the 
relation of the sensitive nerve to its centre has been uninter- 
rupted, and the sensation must consequently have continued. 
It will be perceived, as soon as the pain in the other arm 
abates. 
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While I am writing these lines the trees are rustling in 
the summer wind, the birds are twittering among the leaves, 
and the muffled sounds of carriages rolling over the Dresden 
streets reach my ear ; but because the mind is occupied 
with trains of thought these sounds are not perceived, until 
one of them becomes importunate, or my relaxed attention 
turns towards them. Nevertheless, when unperceived, the 
sounds reached my ear, and excited sensory impressions : if 
these sensory impressions are not to be called sensations, be- 
cause they were not perceived, they must have some name 
given to them, and a name which will indicate that they are 
affections of the sensitive organism. Thej were not lost ; 
they were not altered in character because their subsequent 
efifects were not manifest in Thought ; they were not with- 
out their influence in adding to the sum of general Con- 
sciousness. It is because they were states of Sensibility 
that they must be called Sensations. 

To elucidate this we must first consider the Law of Sen- 
sibility : iTo sensation terminates in itself ; it must either 
discharge its excitation in some secondary sensation^ or 
in some motor-impulse. Generally it does so in both to- 
gether, 

A self-terminating sensation is as inconceivable as a self- 
terminating motion. TTie wave of force is propelled on- 
wards, and for ever onwards, now in this direction, and now 
in that. An impression made on the skin is transmitted by 
the sensory nerve to the ganglion, and this ganglion, being 
excited, excites the motor nerve in connection with it, pro- 
ducing a muscular contraction. If this ganglion and pair of 
nerves were all the nervous system, or were isolated from 
the others, nothing more would ensue ; the sensory stimulus 
would have discharged itself in a muscular contraction, and 
what is called a Reflex Action would have been produced. 
The stimulus of light, for instance, falling on the eye, causes 
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the muscles of the iris to contracts But inasmuch as every 
ganglion is connected with other ganglia, and inasmuch as 
we have previously seen that the nerve*fibres which connect 
the two> have their Neurility excited when one of these 
ganglia is excited, the sensation awakened in the first gan- 
glion not only discharges itself in a muscular contraction, or 
Beflex-Action^ but also in another sensation, — ^it plays on a 
musde, and it plays on a centre. This secondary sensation, 
I have called Keflex-Feeling, for the sake of marking its re- 
semblance, as a physiological process, to Eeflex-Action. 
This secondary, or reflex, feeling may in turn disharge itself 
in an action, or in another feeling. 

To take a rough illustration : A fly settles on your hand 
while you are writing. The tickling sensation may either 
cause you to withdraw your hand, by reflex-action, without 
attracting any attention to it, without exciting any reflex- 
feeling ; or it may excite your attention, without causing 
you to withdraw your hand. Or, finally, it may cause you 
both to withdraw your hand, and to attend to it. In the 
first of these cases, you would be said not to have felt the 
fly ; your attention was elsewhere. But if you had not felt 
it, if the sensation had not been excited, no withdrawal of 
the hand would have followed. 

We shall, hereafter, have to consider this point more 
thoroughly ; enough for the present, if we recognise that a 
s^isation, once excited, miLst discharge itself in a reflex* 
action, or in a reflex-feeling, and may discharge itself in 
both. 

In those parts of the organism which are so arranged 
that the easiest, readiest path for the issue of a sensation is 
that of muscular contraction, we shall find that every stimu- 
lus produces Reflex-Action — in other words, an action not 
indeed unaccompanied by sensation, but unaccompanied by 
ucandary sensations, or Beflex-Feeling. The rhythmic mo- 
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tion of the heart, and the movements of the intestines, are 
examples. They do not go on without producing sensation j 
on the contrary, the feeling excited by them constitutes an 
integral part of the general Consciousness ; but habitually 
they excite no recognisable trains of secondary sensation; 
and in popular language, we are said not to feel them. 
Winking and Breathing are in like manner reflex-actions \ 
but they are both liable to force double issues, and to excite 
reflex-feelings as well as reflex-actions, — we are then said to 
feel that we are winking or breathing. Contrasted with 
these, there are parts of the nervous mechanism, in which 
the easiest path for a sensation is that of another sensation ; 
one feeling excites, by reflex, another feeling, one idea calls 
up another idea ; and this either with, or without, exciting a 
reflex-action. If a tone awakens your recollection of one 
bar of a particular melody, you will find it is only by an 
effort that you can prevent the whole of that melody from 
passing over your mind ; and this melody may either excite 
reflex vocal expression, or be continued without such reflex- 
action. 

Habits, Fixed Ideas, and what are called Automatic 
Actions, all depend on the tendency which a sensation has 
to discharge itself through the readiest channel. In learning 
to speak a new language, to play on a musical instrument, 
or to perform any unaccustomed movements, great difficulty 
is felt, because the channels through which each sensation 
has to pass have not become established ; but no sooner has 
frequent repetition cut a pathway, than this difficulty van- 
ishes; the actions become so automatic that they can be 
performed while the mind is otherwise engaged ; and some- 
times, if once commenced, they must continue. We have 
all our tricks of phrase or gesture, which no effort can pre- 
vent. We utter, as meaningless expletives, phrases which 
originally cost us trouble to learn. It is in vain that people 
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laugh at us for the iteration of " you know," " well then," 
and similar phrases, which are often ludicrously inappro- 
priate ; they have become automatic — the paths of discharge 
have been established, and along these paths the sensation 
must discharge itself The same thing is observable in the 
region of ideas. Old associations, old beliefs, are not to be 
displaced. A man may be thoroughly convinced to-day by 
the logic of his opponent, and yet to-morrow he will be 
heard uttering his old convictions, as if no one had ever 
doubted them. His mind cannot move except in the old 
paths. It may be noted as the peculiar characteristic of 
vigorous intellects, that their thoughts are ever finding new 
pathways instead of moving amid old associations. The 
vigorous thinker is one who thinks for himself; the vigorous 
writer is one who expresses what he means, and does not 
sufier one phrase automatically to determine another. If 
he has a manner, or mannerism, it is his own. Inferior 
minds think the thoughts of others, and write the phrases 
of others. Hence, as Goethe says, in this world there are 
so few voices and so many echoes. 

Returning from this digression, we may now understand 
that although a sensation must discharge itself, and may do 
so in various directions, now exciting muscular contractions, 
and now trains of thought, we are not to suppose the sensa- 
tion itself is dependent on these effects ; or to suppose, as 
the dominant doctrine does, that, unless a train of thought 
be excited, no sensation at all has been excited. Sensation 
is simply the active state of Sensibility, which is the prop- 
erty of ganglionic tissue. 

The mill-wheel, at first so obtrusive in its sound, ceases 
at length to excite any attention. The impressions on our 
auditory nerves continue ; but although we hear them, we 
cease to think about them : the same reflex-feelings are no 
longer excited. It is held, indeed, that we cease to hear 

19* 
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them, in ceasing to be ^' conscious " that we hear them ; but 
this is manifestly erroneous. Let the wheel suddenly stop, 
and there is an immediate corresponding sensational change 
in us ; so much so, that if it occurs during sleep, we awake. 
Let the wheel move with a slower movement, and we shall 
at once be aware of it. Let it creak, and we hear it. Now 
it is clear that unless we are all the while sensible of the 
sounds of the wheel, no alterations in the degrees of sound 
will afifect us. If the sensation of sound has ceased, the 
cessation of that sound cannot awaken us. The truth seems 
to be at first the sound of the wheel was obtrusive — excited 
reflex-feelings — ^gave determinate directions to our thoughts. 
It afterwards ceased to excite these feelings, and the sensa- 
tions became merged in the general sum of sensations which 
make up our total Consciousness. " The habit of hearing the 
same sounds," says JoufTroy, " renders us sometimes highly 
sensitive to them, as in the case of savages ; sometimes again 
almost insensible to them, as exemplified in the apathy of 
the Parisian or Londoner for the noise of carriages. If the 
effect were physical — if it depended on the body, and not 
on the mind — there would be a contradiction, for the habit of 
hearing the same sound either blunts the organ or sharpens 
it ; it could not at once have two, and two contrary, efiects 
— it could have only one. The fact is, it neither blunts nor 
sharpens ; the organ remains the same — the same sensations 
are determined ; but when these sensations interest the mind, 
it applies itself to them, and becomes accustomed to their 
discrimination: when they do not interest it, it becomes 
accustomed to neglect, and does not discriminate them." * 

One cannot help the equivoques of language. It will 
always seem absurd to say we can have sensations and not 
be conscious of them, because the word consciousness has 
become restricted to those sensations to which the attention 

* Qaoted in Hamilton : Leeture$ on Metaphyaica^ i. 828. 
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is directed. The explanation given by Whytt is worth 
attending to : ^' When I say we are not conscious of certain 
impressions made on the mind, by the action of material causes 
on the oi^ans of the body, I mean no more than that we 
have no such consciousness or perception of them, as either 
convinces us of their existence when present, or enables us, 
by the help of memory, to recall them when past." * Con- 
sciousness is here considered as identical with Perception ; 
it is g^ierally considered identical with Sensation. And the 
question recurs : Can there be sensation without perception? 
Nothing is more certain than that we have many sensa- 
tions, which are not perceived at all, of which we are said 
to be wholly " unconscious." They are either so faint in 
themselves, or so familiar, they are either so submerged in 
strongs sensations, or so incapable of exciting trains of 
Reflex-Feeling in the preoccupied mind, that we are neither 
« conscious " of them when present, nor capable of remem- 
bering them afterwards. For example : it may happen that 
we flail asleep during a sermon (such cases have occurred), 
or while a book is being read aloud. The sound of the 
speaker's voice is heard, but the words gradually cease to be 
perceived. Page after page is read aloud, exciting no per- 
ception at all in our minds ; but has there been no sensation 
excited ? We have not heard, but have we not been affected 
by the sounds 1 To prove that we have, is easy. Let the 
reader suddenly cease, and if our sleep be not too profound, 
we at once awake. Now, unless the sound of his voice 
affected us, it is dear that the cessation of that sound could 
not have affected us. Or let us suppose our sleep to be un- 
broken by the cessation of the sound ; even this will not 
prove that we have been unaffected by the sounds, it will 
merely prove that those sounds, or their cessation, did not 
awaken a reflex-feeling. For let the reader, in no louder 

* Whttt : Of the Vitai and Inwduntary Moti9n8f p. 287. 
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tone, ask, '* Are you asleep 1 " and we start up, with round 
eyes, declaring, " Not at all." Nay, should even this ques- 
tion fail to awaken us, the speaker need only utter some 
phrase likely to excite reflex feeling^ — such as " There's the 
postman," or " I smell fire," and we start up. 

I remember once trying the experiment on a wearied 
waiter, who had fallen asleep in one of the unoccupied 
boxes of a tavern. His arm rested on the table, and his 
head rested on his arm : he snored the snore of the weary, in 
spite of the noisy laughter and talk of the guests. I called 
out " Johnson," in a loud tone. It never moved him. I then 
called " Wilson," but be snored on. No sooner did I call 
** waiter," than he raised his head with a sleepy ** yessirj^ 
Now, to suppose, in this case, that he had no sensation when 
the words " Johnson " and " Wilson " reached his ears, but 
had a sensation when the word " waiter " reached his ears, 
is to suppose that two similar causes will not produce a 
similar effect. The dissyllable " Jolmscm " would excite as 
potent a reaction of his Sensibility as the dissyllable 
" waiter : " but the secondary sensations — the reflex-feelings 
— ^were different, because the word "Johnson" was not 
associated in his mind with any definite actions, whereas the 
word " waiter " was so associated, as to become an auto- 
matic impulse.* 

Two sisters are asleep in the same bed, and a child cries 
in the next room. The sounds of these cries will give a 
similar stimulus to the auditory nerve- of each sister, and 
excite a similar primary sensation in each. Nevertheless, 
the one sister sleeps on undisturbed, and is said not to hear 
the cry. The other springs out of bed, and attends to the 
child, because she being accustomed to attend on the child 

* Dr. Carpenter teUi a BimUBr etory of Admiral Codrlngton, who, when a 
midshipman, conld always he awakened from the profonndest slmnher If the 
wofd " signal >* were uttered ^ whereas no other word distorhed him. 
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and soothe it when crying, the primary sensation has excited 
secondary sensations, or reflex-feelings, which lead to accus- 
tomed actions. Could we look into the mind of the sleeping 
sister, we should doubtless find that the sensation excited by 
the child's cry had merged itself in the general stream of 
Consciousness, and perhaps modified her dreams. Let her 
become a mother, or take on the tender duties of a mother, 
and her vigilance will equal that of her sister ; because the 
cry will then excite a definite reflex-feeling, and a definite 
course of action. But this very sister, who is so sensitive 
to the cry of a child, will be undisturbed by a much louder 
noise ; a dog may bark, or a heavy wagon thunder along 
the street, without causing her to turn in bed.* 

Although during sleep the nervous centres have by no 
means tiieir full activity^ they are always capable of re- 
sponding to a stimulus, and Sensation will always be pro- 
duced. When the servant taps at your bedroom door in 
the morning, you are said not to hear the tap, if asleep ; 
you do not perceive it ; but the sound reaches and rouses 
you nevertheless, since when the second tap comes, although 
no louder, you distinctly recognise it. In etherised patients, 
Sensation is constantly observed returning before any con- 
sciousness of what is going on returns. '^ I was called," 
says Mr. Potter, " to give chloroform to a lady for the 
extraction of ten teeth. The first five were extracted with- 
out the slightest movement, but as the operation proceeded, 
sensation returned, and I was obliged to use considerable 
force to keep her in the chair during the extraction of the 
last tooth. She came to herself very shortly after, and was 
delighted to find she had got over all her troubles without 
having felt it the least in the world." f 

* Compare an interesting personal example given by Jouitbot qaoted in Sir 
W. Hamiltoh'8 Lectureaf i. 831. 
t Lanceij lOth July 1868. 
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There is, I repeat, an unfortunate equivoque in language 
which makes it sound absurd to speak of unperceived sensa- 
tions. Men have for so long confounded Sensation with 
Perception, because the two are so constantly blended, that it 
is startling to hear of one occurring without the other. But 
even the physiologists, whose views are here combated, &11 
into the same equivoque of language, and speak of ^ Uncon- 
scious Sensibility." In spite of all such verbal difficulties, we 
must steadily bear in mind that a sensation, being the active 
state of any one ganglion, is not dependent for its existence 
on the activity of any other ganglia which it may, by reflex- 
movement, excite. Every excitement of a nerve^sentre 
produces a sensation ; the sum total of sudi excitements 
forms the general Consciousness, or sense of exist^ice. 

We do not see the stars at noon-day, yet they shine. 
We do not see the sunbeams playing among the leaves on 
a cloudy day, yet it is by these beams that the leaves and 
all other objects are visible. There is a general illumination 
from the sim and stars, but of this we are seldom aware, 
because our attention &lls upon the illumined objects, 
brighter or darker than this general tone. There is a sort 
of analogy to this in the general Consdoosness, which is 
composed of the sum of sensations excited by the incessant 
simultaneous action of internal and external stimuli. This 
forms, as it were, the daylight of our existence. We do 
not habitually attend to it, because attrition Mis on those 
particular sensations of pleasure or of pain, of greater or 
of less intensity, which usurp a prominence among the 
objects of the sensitive panorama. But just as we need the 
daylight to see the brilliant and the sombre fi>rm8 of things, 
we need this living Consdousness to feel the pleasures and 
the pains of life. It is therefore as erroneous to imagine 
that we have no other sensations than those on which the 
attention falls — ^those which we distinctly recognise — as to 
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imagine that we see no other light than what is reflected 
from the shops and equipages, the colours and splendours 
which arrest the eye. 

The amount of light received from the stars may be small, 
but it is present. The greater glory of the sunlight may ren- 
der this starlight inappreciable, but it does not render it in- 
operative. In like manner the amount of sensation received 
from some of the smaller ganglia may be inappreciable in 
the presence of more massive influ^ices from other centres ; 
but though inappreciable it cannot be inoperative — ^it must 
form an integer in the sum. 

The reader's daily experience will assure him that over 
and above all the particular sensations capable of being 
separately recognised, there is a general stream of Sensation, 
which constitutes his feeling of existence — ^the Consciousness 
of himself as a sensitive being. The ebullient energy which 
one day exalts life, and the mournful depression which the 
next day renders life a burden almost intolerable, are feel- 
ings not referable to any of the particular sensations ; but 
arise from the massive yet obscure sensibilities of the 
viscera, which form so important a part of the general 
stream of Sensation. Some of these may emerge into 
distinct recognition. We may feel the heart beat, the intes- 
tines move, the glands secrete ; anything unustml in their 
action will force itself on our attention. 

" What we have been long used to," says Whytt, " we 
become scarcely sensible of; while things which are new, 
though much more trifling, and of weaker impression, aflect 
lis remarkably. Thus he who is wont to spend his time in 
the country is surprisingly aff*ected, upon first coming into 
a populous city, with the noise and bustle which prevail 
there : of this, however, he becomes daily less sensible, till 
at length he regards it no more than they who have been 
used to it all their lifetime. The same seems to be the case 
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also with what passes within our bodies. Few persons in 
health feel the beating of their heart, though it strikes against 
their ribs with considerable force every second ; whereas the 
motion of a fly upon one's face or hands occasions a very 
sensible and uneasy titillation. The pulsation of the great 
aorta itself is wholly imobserved by us ; yet the unusual 
beating of a small artery in any of the fingers becomes very 
remarkable." 

A large amount of sensation is derived from the mus- 
cular sense, yet we are not aware of the nice adjustments of 
the muscles, regulated by this sensibility, when we sit or 
walk. No sooner are we placed in an exceptional position, 
as in walking on a narrow ledge, than we become distinctly 
aware of the effort required to preserve equilibrium. It is 
not the novelty of the position which has increased our sen- 
sibility ; that has only caused us to attend to our sensa- 
tions. In like manner, the various streams of sensation 
which make up our general sense of existence, separately 
escape notice until one of them becomes obstructed, or in- 
creases in impetuosity. When we are seated at a window, 
and look out at the trees and sky, we are so occupied with 
the aspects and the voices of external Nature, that no atten- 
tion whatever is given to the fact of our own existence ; yet 
all this while there has been a massive and diffusive sensa- 
tion arising from the organic processes ; and of this we be- 
come distinctly aware if we close our eyes, shut off all 
sounds, and abstract the sensations of touch and temperature 
— ^it is then perceived as a vast and powerful stream of sen- 
sation, belonging to none of the special Senses, but to the 
System as a whole. It is on this general stream that de- 
pend those well-known but indescribable states of Conscious- 
ness, named " feeling well " and " feeling ill " — the bien 
Ure and malaise of every day. Of two men looking from 
the same window, on the same landscape, one will be moved 



THE DISTINOTION NOT MERELY VERBAL. 65 

to unutterable sadness, yearning for the peace of death ; the 
other will feel his soul suffused with serenity and content : 
the one has a gloomy background of Consciousness, into 
which the sensations excited by the landscape are merged ; 
the other has a happy background of Consciousness, on 
which the sensations play like ripples on a sunny lake. The 
tone of each man's feeling is determined by the state of his 
general consciousness. Except in matters of pure demon- 
stration, we are all determined towards certain conclusions 
as much by this general consciousness as by logic. Our 
philosophy, when not borrowed, is little more than the ex- 
pression of our personality. 

Consciousness, in the general sense, is the sum total of 
all our sensibilities, the confluence of many streams of sen- 
sation. Consciousness in the particular sense, is only another 
term for Sensibility : we have as many different forms of 
consciousness as we have different kinds of sensation. While 
some of these confluent streams are so slight that they are 
no more appreciable than are the stars at noonday, others 
are so equable and constant, that they attract no attention 
unless their currents are disturbed. Thus healthy men are 
scarcely able to distinguish the sensations excited by the 
circulation of the blood, or the movement of the intestines ; 
yet a slight alteration in these sensations will be felt 
at once. 

We may here conclude the discussion of this question 
by afl[irming that the evidence proves the inadequacy of the 
current hypothesis, which says that unless a sensation is 
perceived it does not exist — it is a mere impression. The 
hjrpothesis here combated says, explicitly or implicitly, that 
a nerve centre may receive a stimulus, but this stimulus 
will not awaken a sensation, unless it be transmitted from 
that centre to some other centre. Though why one centre 
should have the property of Sensibility which another cen 
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tre, identical in substance, has not, no physiologist has a,U 
tempted to explain. 

I request the reader particularly to observe that it is 
no merely verbal difference which is established, when what 
is usually called an impression is here called a sensation^ 
and when a sensation is distinguished from a perception. 
More than once has this objection been urged, the ob- 
jector thinking that my dissent from established opinions 
amounted to no more than calling an impression by another 
name. My dissent reaches to the very foundations. A 
verbal difference, carrying with it no important conse- 
quences, would not be worth so much labour as has been 
bestowed on elucidating this point. Those who say that an 
impression which is not perceived has no element of sensa- 
tion in it, say that when the preoccupied mind does not hear 
the roll of carriages in the street, the effect of the vibrations 
of the air upon the auditory centre has been no more than 
the effect on the window-pane : a mere physical impulse has 
been given. Whereas I aver that just as the window-pane 
reacts according to the properties of glass, so does the 
auditory centre react according to the properties of nerve- 
centres — ^and something more than an impression is the re- 
sult : the impression is sensitive. 

It is surely much more than a verbal difference when 
one school asserts that some animals have Minds, and other 
animals only instincts, and another school asserts that all 
animals have Minds, but the minds of some are strikingly 
inferior in range, complexity, and energy, to those of others. 
It is surely more than a verbal difference when a philosophic 
naturalist, detecting the uniformities which underlie the di- 
versities noticeable in the actions of animals, declare that 
they are all guided by sensations, and these are all due to a 
nervous system — ^in opposition to those who call the actions 
of some animals mental, and the same actions in other an- 
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imals mechanical. And such is the difference between the 
view I advocate^ and the view I combat. My view may be 
erroneous ; at any rate it is not limited merely to a change 
of terms. If it be said, that since I admit a difference be- 
tween sensation and perception — that is, between one sen- 
sation and another — this amounts pretty much to the ordi- 
nary distinction between an impression and a sensation ; the 
answer is very simple : a naturalist admits the difference 
between two animals, admits that a monkey is very unlike 
an oyster, and that the two should never be confounded ; 
but while they differ, they also agree : he classes them ac- 
cording to their differences, but their fundamental agree- 
ments make him range both under the general conception of 
an Animal. Various as animals are, he knows that under- 
lying all diversities there are certain uniformities ; all ani- 
mals belong to the grand division of Animalia, and obey 
tihe same biological laws. Now it is precisely this reform 
that I desire to see introduced into our physiology of the 
Nervous System — that we should recognise the uniformities 
underlying the diversities, and recognise that all nerve- 
centres, as such, have properties in common, laws in com- 
mon. The sensations derived through the organic processes 
are very unlike those derived through the five senses ; and 
Pain is unlike both ; yet they are all sensations. Hunger 
is unlike Thirst ; Thirst is unlike Fatigue ; Light is unlike 
Hearing. But these are all elements of the general Con- 
sciousness : all active states of nerve-centres. Instead of 
admitting this simple principle, physiologists, implicitly or 
explicitly, assert that one nerve-<jentre or group of centres 
has a property of Sensibility not possessed at all by similar 
centres. Even those who seem to have felt some scruple 
in denying sensibility to all the centres, have been forced, 
by their adherence to the notion of a sensation being im- 
possible without the Brain, to establish two distinct classes 
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— ^namely, the Conscious Sensibility, and the Unconscious 
Sensibility ; in other terms, Animal Sensibility and Organ- 
ic Sensibility. The latest upholder of this view thus ex- 
presses himself: — 

" All the secretions take place under the influence of a 
redex action, and sometimes the sensation, which is the 
poiat of departure of this action, is a conscious sensation, at 
other times unconscious. Thus the salivary secretion, 
which takes place when vinegar is introduced into the 
mouth, is a secretion which succeeds a conscious sensation 
{une sensation avec conscience). The secretions of gastric 
juice, pancreatic juice or bile, which take place when food 
passes along the digestive tube, on the contrary, succeed to 
sensations without consciousness." * 

Now, physiologically, the process in each of these cases 
is identical : a stimulus is given to the Neurility of a nerve, 
which excites the Sensibility of a centre, and that, in turn, 
stimulating the Neurility of the nerve distributed to the 
gland, produces thereby a Secretion. There is a difference 
between the organ of Taste, stimulated by the vinegar, and 
the stomach or liver, stimulated by the food ; there is a 
difference also in the secretions : but in ea«h case the stim- 
ulus has first awakened Sensation, and then Secretion. If 
.the sensation of the one is to be called conscious, and the 
odier unconscious, this use of language^ though justifiable, 
will be excessively misleading. It would be far better to 
say that the sensation produced by the vinegar, being de- 
rived from a special sense (Taste), could be distinctly recog- 
nised as special ; whereas the sensations excited by the food, 
being derived from no special sense, but from the Syste- 
mic Sensibility,! must necessarily be unlike the taste of 

* Clavdb Bernard : St/stime Neroeux^ i. 357. 

t This distinction between special and systemic Bensatlons win be elucidated 
hereafter. 
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yinegar, and not being a special sensation, is less readily 
recognisable. 

The conclusion, then, which we have reached is briefly 
this : In muscular tissue there is an inheTent property named 
Contractility ; this serves various functions in various mus- 
cles. All the movements of our different organs depend on 
this property ; and the complex mechanism which performs 
the many movements, say of the hand, is a complex of sim- 
ple muscular contractions. In like manner ganglionic tissue 
has an inherent property. Sensibility, which serves various 
(unctions in various organs : however complex any one of 
these functions, we should find, could we analyse it, that it 
was a complex of simple sensations. There is an incessant 
action and interaction of the various parts of the sensitive 
mechanism : sensations cross and recross, exciting and mod- 
ifying each other ; and the sum total is a feeling of exist- 
ence. In the lower animals, with a simple nervous system, 
the sensitive phenomena are simple : as the organisation in- 
creases in complexity, the sensitive phenomena necessarily 
become more complex ; the elements of general Conscious- 
ness become more numerous. 

Vin. Various Forms op Consciousness. — A basis has 
been laid, in the foregoing paragraphs, for a true zoological 
classification of mental phenomena. The unity of the ner- 
vous system throughout the Animal Kingdom has been gen- 
erally recognised ; but, strangely enough, the unity of Con- 
sciousness has not been deduced from it. In ascending the 
scale we pass from animals destitute of real movements, and 
manifesting only contractions; as we note in the higher 
animals the ever-increasing variety and complexity of move- 
ment, we find that no new property has been acquired ; but 
that the same primordial tissue, with its Contractility, suffices 
for all the new complex phenomena. Yet we speak, and 
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justly, of simple contractions, of voluntary and involuntary 
movements, of flexion and extension, and so on. I think 
we should do the same with Sensibility, or Consciousness, 
which may be conveniently grouped under three heads : 1. 
Systemic- Consciousness ; 2. Sense- Consciousness ; 3. Thought- 
Consciousness. A few words will explain these more fully. 
Systemic- Consciousness includes all those sensations 
which arise in the system at large, chiefly in the organic 
processes, and form the more massive and diflusive ele- 
ments of the sense of existence. This must belong to the 
simplest animals, unless we adopt the hypothesis of Des- 
cartes, that all animals are living machines, whose actions 
are wholly without consciousness. Many who reject this 
hypothesis feel great difliculty in crediting all animals with 
consciousness or sensation ; because few writers can rid 
themselves of the embarrassing equivoques of our ordinary 
language. The equivoque here leads them to suppose some 
element of Thought is included in Consciousness, and even 
in Sensation. But although every animal vaw&tfeel, it does 
not follow that it should think. Every animal must con- 
tract, but it does not follow that it should move. Thinking 
results from a more complex organisation than is given to 
every animal ; but Consciousness is the attribute of every 
animal organism. Simple as the forms of Consciousness 
may be in the lower animals, it must be nevertheless essen- 
tially akin to the more complex forms in the higher animals. 
Unless we admit this, it will be impossible to say where 
sensation first begins. If the Mollusc is without sensation, 
the Crustacean is without it. If the crab is a machine, so is 
the bee ; if the bee, then the beaver, the elephant, the dog, 
the monkey. It is true that when we pass from the monkey 
to the man, a wide interval is obvious : the greater fulness 
and splendour of conscious life which man possesses above 
all other created beings may account for the disinclination 
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of philosophers to admit that animals can share even a 
modest claim to similar prerogatives. But the time for 
such exclusiveness is passed : science has shown that amid 
the infinite varieties of animal life, certain constant miiform- 
ities exist ; and that in the magnificent drama of creation, 
the humble scene-shifter is of the same nature as the more 
highly-endowed tragedian, who plays the noblest parts. 
Unless we are to throw science to the winds, we must 
admit that all animals are conscious (have sensations), 
though all have not every form of consciousness. There 
are those that have systemic sensations, but no senses, such 
as sight, hearing, smell. There are others that have sys- 
temic sensations, and sense-sensations, but little or nothing 
of what we mean by Thought. All depends on the com- 
plexity of the organism. 

The Systemic sensations . in man are massive in effect, 
and constant ; and because they are constant and familiar, 
seldom rise into distinct recognition. This has led to their 
being denied the character of sensations. It is said, for ex- 
ample, that we have no sensations in the alimentary canal, 
unless pain be produced there. And the following proof is 
offered : If we swallow iced-water, there is a sensation of 
cold excited in the mouth, throat, and gullet ; but this sen- 
sation disappears as the water reaches the stomach : if any 
vestige of sensation remain, it will be only at the upper part 
of the stomach. This is, however, no proof at all. The 
sensation of cold is a special sensation, of which, as we shall 
see hereafter, only certain oi^ans are susceptible— the same 
nerve which is susceptible of cold when the cold substance 
reaches it through the skin, is not susceptible of cold when 
the trunk of the nerve is directly touched ; and there is 
nothing remarkable in the stomach not having this special 
form of sensibility. But if the iced-water, on reaching the 
atomachi ceases to produce a sensation of cold, it does not 
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cease to affect the sensitive nerves ; it therefore produces 
some other sensation— one of comfort or discomfort, per- 
haps. We are assuredly conscious of some difference in 
our general feeling — a diffusive sensation radiates from the 
stomach. It may escape recognition, like a rivulet min- 
gling with a river, and adding to its general momentum ; 
but though unrecognized, it is not un/elt. 

If instead of iced-water, we swallow brandy-and-water, 
the sensations of taste excited by the brandy, being special 
sensations, will cease in the stomach. In the mouth, the 
brandy and the water excited sensations of taste, and of 
cold ; in the gullet^ of cold without taste ; in the stomach, 
of neither cold nor taste, but something else — a diffusive 
sensation quite familiar to all readers, but not easily to be 
described. 

Hereafter we shall have to consider more in detail the 
various Systemic-sensations ; enough for the present if we 
have indicated the class. The second class forms 

The Sense- Consciousness^ and includes all those sensations 
which are derived from the organs of the five Senses, As 
a rule, it is only these, and Pain, which are admitted to be 
sensations at all, by those who fail to perceive the distinc- 
tion between Sensibility and particular forms of Sensibility. 

Thought- Consciousness is the third and last class, and in- 
cludes all those phenomena of Thought and Emotion with 
which the psychologist concerns himself; all that the physi- 
ologist can do with them is to indicate the relation in which 
they stand to the lower forms of consciousness ; and the 
special organs of the nervous system which serve them. I 
have adopted the rather clumsy term Thought-conscious- 
ness, in order to mark out . distinctly the fundamental union 
of this with the other forms of Sensibility, and at the same 
time to mark the speciality of its phenomena. What 
Thought is we do not know, perhaps we never shall. We 
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do not know what Life is. But the realm of mystery may 
be reduced to one of " orderly mystery ; " we may learn 
what are the laws of Life, and what are the laws of Thought. 
The first is the province of the physiologist, the second is 
the province of the psychologist. Let us keep to our own : 

*' Musicians think our souls are harmonies ; 
Physicians hold that thej complexions be : 
Epicures make them swarms of atomies 
Which do bj chance into our bodies flee. 

One thinks the soul is air ; another fire ; 
Another blood diffused about the heart : 
Another saith the elements conspire, 
And to her essence each doth yield a part. 

Some think one general soul fills every brain, 
As the bright sun sheds light in every star ; 
And others think the name of soul is vain, 
And that we only well-mized bodies are. 

Thus these great clerks their little wisdom show. 
While with their doctrines they at hazard play." * 

We will take the warning. Our task is difficult enough 
without extra complications. We have still to point out 
what light Physiology can at present furnish, in the attempt 
to determine the various organs for the various mental 
functions — in other words, what is the relation between the 
MiHD and the Brain. 



NOTE TO CHAPTER YHI. 

The experiments of Claude Bernard and Kolliker have 
proved that the woorara poison affects the muscle-nerves, 
and leaves the skin-nerves unafiected, paralysing the limbs, 
but not destroying sensibility. At the reading of my 

* Bib Jobs Davifb : On the Immortality qf the Soul, 

20 
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paper on the Sensory and Motor Nerves at the " British 
Association," this fact was referred to as proof that a dis- 
tinction existed between the properties of the two nerves. I 
had already satisfied myself that such a conclusion was er« 
roneous ; but it may be desirable here to refute the conclu- 
sion by one decisive argument. We are completely in the 
dark as to the conditions which determine the effect of a 
poison on the nerves ; but that the resistance of the skin- 
nerves to an influence to which the muscle-nerves succumb, 
is no proof of a difference in the properties of the nerves, is 
demonstrated by the fact that only some of the motor-nerves 
are affected by the poison — and of these nerves, only their 
termiations in the muscles are affected, not the fibres of their 
trunks ; whereas other nerves distributed to muscles resist 
the poison, no less decisively than the skin-nerves. An ani- 
mal poisoned by woorara has its limbs paralysed ; but its 
tail is as vigorous as ever. The nerves which move the 
muscles of the limbs are not different in properties fi:om 
those which move the muscles of the tail ; yet the one class 
succumbs, the other resists, evidently because there is some 
set of conditions which favours the action of the poison in 
tlie one case, and prevents it in the other. The nerves which 
move the heart and intestines are likewise unaffected by the 
poison. Moreover, the feet that the nerve-fibre is unaffected 
everywhere except at its termination, proves that there 
must be some other cause at work than the property of the 
nerve-fibre itself. A similar peculiarity is noticeable of the 
muscles, there being poisons which destroy the contractility 
of the muscles of the heart, and have no appreciable effect 
on the muscles of the trunk ; yet no one ventures to assert 
that the muscles of the heart are essentially different from 
all other miisdes. 
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THE MIND AND THE BRAIN. 



SECTION I. THE CEREBRUM. 



Becapitnlation— Prejndice respecting the Brain as the sole organ of the Kind— 
Three sonroea of our knowledge : Experiment, Disease, Comparative Anat- 
omy— Description of the Brain— Evidence of Comparative Anatomy against 
the idea ot the Brain as the sole seat of sensation and will — Nervous sys- 
tems of ICollnsc and Beetle compared— Weight of the Brain— The convo- 
Intkms ; are they the seat of intelligence f— Functions of the Cerebrum- 
Effect of pressure on the Brain : curious case — The researches of Flourens — 
State of Animals when the Cerebrum is removed — Persistence of sensation 
and volition after removal of the Cerebrum— Experiments of Flourens, 
BouiUaud, Longet, and Dalton— Relation of the Cerebrum to the nerves- 
Forms of SensibiUty peculiar to the Cerebrum— Intellect and Emotion — 
How can identical convolutions have different functions f— Phrenology- 
Explanation of the difficulty- Relation of the Intellect to the Senses, and 
of the Emotions to the Viscera— Other functions of the Cerebrum. 



Ik the preceding chapter I have endeavoured to establish the 
following propositions, as the basis of a new doctrine of 
nervous action : — 

1°. All nerves have one common property — Neurility — 
by means of which they excite contraction in a muscle, secre- 
tion in a gland, and sensation in a nerve-centre. 

2^. The property of nerves depends on their structure. 
The functions, or uses, of nerves are determined by their 
anatomical distribution — t. e,, their connection with other 
parts of the organism. 
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3®. All nerve-centres have one common property— Sen- 
sibility — ^which is excited by, and in turn excites, the Neu- 
rility of nerves ; and thus produces either reflex movements, 
or reflex-feelings, according as the stimulus to the centre is 
reflected on muscles, or on other centres. 

4°. The property of nerve-centres depends on their struc- 
ture. The functions, or uses, of each centre are determined 
by its anatomical connections ; the optic-centre being in con- 
nection with a very different apparatus from that of the 
auditory-centre, and so of the rest. 

5°. Every stimulus which affects a centre awakens its 
Sensibility ; but the kind and degree of sensation thus 
awakened are necessarily determined by the kind and degree 
of the exciting cause, and the structure of the organs on 
which that cause first acts : the sensation of sound is very 
different from the sensation of light ; a visceral sensation is 
unlike a muscular sensation ; pressure is different from pain, 
and both are different from the sensation of temperature.* 

Although in the establishment of these propositions I 
have attempted something like a systematisation of our 
knowledge on this great subject, led thereto by the necessity 
of clearing the ground of certain prejudices and misconcep- 
tions, and by the desire of drawing the student's attention 
to problems which may profitably employ his energy ; the 
reader will not expect that in the following pages we can do 
more than ascertain the general relations of the Mind and 
the Brain. Before we enter on this interesting, but extreme* 
ly complicated, inquiry, we must resolve, in a loving, seek- 
ing, earnest spirit, to keep our minds open to the reception 

* The reader is requested to consider what is said at page 68. The word 
Sensfbllity inclades very Taiions sensations, as the word Animal includes very 
varions ot^anisms. VIThen I say that every nerve-centre han Sensibility, I no 
more mean that every sensation will resemble the sensations of pain, or of 
tight, or of taste, than that every animal must resemble a fish, a reptile, or a 
mammal* 
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of Fact ; and calmly to acquiesce in it, when presented, in- 
stead of opposing it by preconceptions of our own. It is 
idle to interrogate Nature in the spirit so often animating 
the disputes of men, when each antagonist is less desirous of 
hearing the arguments of the other, than of thrusting forward 
his own. If we ask Nature a question, we must listen 
patiently to her reply ; should that reply perplex us, we 
must ask again, putting the question in another form ; and 
should again, and again, the same reply be elicited, we must 
accept it, be it never so destructive of our theories and anti- 
cipations. We must not dictate an answer to the Oracle 
we consult. 

A deeply-rooted preconception respecting the Brain has 
for many years prevented men from duly acknowledging 
&cts which, otherwise, would have been clear enough. 
Biassed thus, they have never thought of admitting the evi- 
dence of these facts to be destructive of their conception of 
the Brain ; but have had recourse to various theories, s^ome- 
times ingenious, often absurd, to explain how these facts were 
really not what they seemed to be. The conception alluded 
to is thus expressed (I take the first book of authority at 
hand) by Todd and Bowman : " The brain, or some part of 
it, is the sensorium commune ; or, in other words, mental 
nervous actions (acts of volition and sensaiion\cannot take 
place without a hrain?^ * 

This is the doctrine of the schools. Now it should be 
observed that all physiologists are aware of the fact that 
animals without a brain (and animals which never had a 
brain) manifest some of the aaane actions which are at- 
tributed to sensation and volition, when the brain is present ; 
yet these actions are said not to have that character when 
tlie brain is absent, " because the brain is the exclusive organ 
of sensation and volition." I confess that the simpler dictate 

* Todd and Bowman : PhysioL Anat.., i. 822. 
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of logic is to me the easier conception ; and that I can more 
readily admit the facts to prove the brain not to be the ex- 
clusive seat of sensation and volition, than admit that ac- 
tions, precisely similar, are in one case sensitive, in the 
other mechanical ; and this inclination gains strength, when 
close examination reveals that the reason why the actions of 
brainless animals are said to be mechanical (reflex, and with- 
out sensation), is solely because theory declares the Brain 
to be the only sensorium. If you pinch a dog's tail, he cries 
out. His cry is supposed to indicate a sensation of pain. 
But the physiologist who would reprove you for having 
hurt his yelping puppy, would quietly assure you that this 
puppy's cries were no evidence of pain or sensation after its 
brain had been removed : " Merely reflex, my dear sir ! " 
and he would smile at your supposition that an animal with- 
out a brain could feel any sensation.* Nay, even when the 
brainless animal performs complicated actions to rid itself 
of some irritating object, and exhibits a choice of means for 
this purpose, men find it easier to consider these as " in- 
stinctive " (whatever that may be), " reflex," or the " effect 
of habit," than simply to acknowledge that the Brain is not 
the sole sensorium. 

Science is the endeavour to make the order of our ideas 
correspond with the order of phenomena — to make our con- 
ceptions of things accord with the order of the things them- 
selves ; not to make out a scheme for Nature, which shall 

* Indeed, some pbysioUgiBts have incurred ridicule for having been misled 
by the cries and struggles of a brainless animal into the belief that the animal 
manifested sensibility. See, for example, Sohbobdbr van dbb Kolk : Bau und 
Fundionen der Medulla Sfpinaliaf p. 26, on the " Error shared by so many that 
the cries of an animal are a proof of Sensibility." The argument relied on by 
writers "who attribute such manifestations to reflex-action, unaocomiwnied by 
sensation, rests on the fact that patients with spinal disease are often uncon- 
scious of the movements in their limbs produced by external stimulus ; we shall 
hereafter see that this fact in no way contradicts our views, in no way warrants 
the reflex theory. 
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correspond with our ideas. Let us try, therefore, to asoer- 
tain what is the order of nervous phenomena. 

There are three great sources of knowledge on this sub- 
ject, all of which, however, are very imperfect : these are 
Experiment, Pathology, and Anatomy, especially Compara- 
tive Anatomy. It has been a fertile theme for declaimers, 
who know nothing of the subject they were declaiming on, 
to brand with odium or ridicule the attempt of anatomists 
to discover anything respecting mental actions. " What ! 
with your scalpel, fit only to deal with Death, do you hope 
to penetrate the mysteries of Thought ? When you have 
taken the mechanism to pieces, do you expect the watch to 
reveal its action ; or do you fancy the Soul is less mysteri- 
ous than a watch 1 " Feeble nonsense of this kind has im- 
posed on m^i, because they have been unacquainted with 
the real methods of science. That we shall ever penetrate 
the mystery of the Soul, is improbable ; equally improbable 
that we shall ever penetrate the mystery of Life ; yet it is 
certain that the methods of science have enabled us to dis- 
cover some of the laws of Life, and to assign to the various 
organs the part each plays ; and this in spite of the fact that 
" the scalpel is fit only to deal with death." I would ask 
these declaimers whether they think that the action of the 
watch will be better understood by taking the mechanism 
to pieces, and studying each part, and its relations to the 
rest ; or by assuming certain speculative postulates respect- 
ing it, and making a system out of deductions from those 
postulates? The Anatomist attempts to discover the 
mechanism ; the physiologist attempts to detect the influ- 
ence which each part exercises. Were our knowledge of the 
structure and properties complete, we should soon know all 
that could be known respecting the vital mechanism. 

Unhappily our knowledge is very far from complete ; 
and hence it is that Experiment, though valuable, nay, indis- 
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Qsable, is often very misleading. We shall see evidence 
^f thia in the course of our inquiry. But there is one direc- 
tion in which Experiment may always bo relied on — the 
direction of exclusion. An experiment may fail to tell ua 
which is die organ of a particular fiinction; but it will 
never fail to tell us which is not the organ of the particular 
function, if we see the function persisting after the organ 
ias been removed ; and to know what parts are not neces- 
i.aary, is to arrive, by exclusion, at those which are, 
\ Observation of the effecta of disease, accident, or defor- 
mity has a similar value to that of Experiment ; but ex- 
treme caution is necessary in interpreting 
these cases. Anatomy is, of course, iii- 
dispensabie ; and comparative anatomy 
becomes a sort of final standard, because it 
displays the nervous mechanism in all de- 
grees of complexity, from the simplest to 
the highest, and thus reveals what parts are 
essential. Here also great caution is requi- 
site, since we never can be quite certain in 
our interpretation of the actions of animals. 
The Brain, or Enciphalon, includes 
several masses of grey and white matter. 
Anatomists are not agreed as to the exact 
limits of the brain, some including portions 
which others exclude; but all limitations are 
arbitrary, since the cerebro-spinal axis is 
really, a continuous whole — a series of gan- 
glia connected together by nerve-fibres. The 
easiest way of arriving at an intelli^bli 
conception of this whole, is to begin by 
sidering the somewhat similar axis in 
insect, Fig. 45. 

These numerous ganglia ore separate 
imagine them closely fused together, and 






ate; I 
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enclosed by columos of fibres, and you have the Spinal 
Chord and Medulla Oblongata ; then imagine other ganglia, 
and, superposed on „_ „ 

these, the large gang- 
lionic masses of Cere- 
bellum andCerebrum. 
The two latter are 
represented in Fig. 
46. This is their ex- 
ternal appearance, in 
profile. The conva- 
lulions of grey vesic- 
ular matter are out- 
side the white iibrous 
matter, instead of in- 
side, as in the Me- i,ci 
dulls Oblongata and 
Spinal Chord. Fig. 47 gives the aspect 
divided longitudinally. 

Fig, «. 
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In the following di^r^m ire find the general arrange- 
ment and connection of the parts lucidly presented, the 
block masses representing the grey vesicular matter, and 
the white representing the white fibroua matter. 

The Cerebrum, with 
**^ which we must first oc- 

cupy ourselves, is com- 
posed of two halves, 
called cerebral hemis- 
pheres, united at their 
base by the corpus eal- 
loaum (Fig. 47, 2). It 




or, more strictly speak- 
ing, in the grey matter 
of the convolutions, that 
most physiologists have 

II Bsxiib agreed to place the seat 

,r^t.?»t'^*;'ito?Sjn™a: of Thought, Emotion, 

,of'?hi4oni'va?im"s Volition, Sensation— in 

" ■'£.'i'i!JS™^f oae word, Conscious- 
IV the oLreolioa of ' 

tn« nnree. uesa — to the exclusion 

< After CsKoa.) 

of every other gangli- 
onic mass. Here, and nowhere else, they aver, impressions 
become sensations. Some physiologists, indeed, are less 
exclusive, and extend to the ganglia at the base of the 
Cerebrum — i. e., to the corpora striata optic thalami and cor- 
pora quadrigemina (Fig. 48 — B, 4, and e), and to the Me- 
dulla Oblongata the privilege of sensation. The reader 
knows that neither of these opinions can he adopted in our 
pages : we hold that if the Cerebrum is the organ of what 
is usually named Thought, it is not the sole seat of Sensor 
tion, or Volition. 

Comparative Anatomy is freely invoked when it can 



ANDIALS WITHOUT A BBAIN. 83 

sustain the argument in favour of the Brain, or the Cere- 
brum, being the sole seat of Intelligence ; but it is quietly 
disregarded when it flatly contradicts the idea of the Brain 
being the exclusive seat of Consciousness, or Sensation. We 
cannot allow two weights and two measures. If the evidence 
furnished by animals is good in one case, it is good in 
another. Now, what says evidence ? 

A survey of the vertebrate classes discloses a remark- 
able correspondence between the size and development of 
the Cerebrum, and the energy and variety of mental mani- 
festations. As we pass from fishes and reptiles to birds, 
and from birds to mammals, and in mammals from the less 
intelligent to the more intelligent, we notice a decided in- 
crease in cerebral development. It is a legitimate inference 
that the one is in some correspondence with the other, and 
that Intelligence is one of the functions of the Cerebrum. 

Let this be admitted without reservation, although the 
well-informed anatomist may have many difficulties to pro- 
pound. I now ask, what we are to make of the fact, that 
multitudes of animals have no cerebrum at all ; and that 
even among fishes there is at least one known to be without 
a vestige of it (and zoologists may yet discover many more) ; 
so that, unless we pronounce the Amphioxus, an& all the 
invertebrata, to be mere machines, without sensation, or 
consciousness, of any kind, we are forced to admit conscious- 
ness in the absence of the very organ which is said to be its 
exclusive seat* There are two answers open. First, it may 
be said, as it commonly is, that these animals have no In- 
telligence, only Instinct. This may be true ; but to make 
it of the slightest use, we must be taught what Instinct is ; 
and that teaching is yet to seek. Instinct, like Chance, is 
one of the words under which men conceal their ignorance 
from themselves. That the actions of a Bee, or a Crab, 
which manifest sensation, memory, invention of new 
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methods under new circumstances, not to mention anger, 
desire, and some unexplained mode of communicating with 
each other — ^that these are the actions of " blind instinct," 
might not be inconceivable, if we knew what instinct really 
was ; but we shall find it difficult to conceive how precisely 
similar phenomena are attributed to intelligence, when dis- 
played by the Dog or the Monkey. It is probable that the 
Bee and Crab have no power of forming abstract proposi- 
tions. It is probable that they are unable to carry on trains 
of thought, remote from the' sensations which are immediately 
affecting them. And if we limit the term intelligence to 
those processes by which one idea calls up another, without 
the intervention of an external stimulus — to trains of ideas, 
in lieu of single ideas excited by Reflex-Feeling — there may 
be little objection to saying that Bees have not intelligence. 

As our desire must be to come to a distinct understand- 
ing on this important point, and not to quarrel over phrases, 
let us, for a moment, grant that no invertebrate animal has 
intelligence, in any sense in which it may have pleased men 
to employ the term. Let Instinct explain everything, with- 
out itself needing explanation. It will not remove an iota of 
the objection against the assumption that the Cerebrum is 
the exclusive seat of sensation and volition. The Bee may 
have no vestige of intelligence, but you cannot deny that it 
has sensibility and volition. The brainless Amphioxus may 
be a very stupid fish, indeed ; but you will hardly assert 
that he wants the consciousness, the sensibility, of other 
fishes. If you grant me this, dispute is at an end. You 
merely say that the Cerebrum has certain special functions, 
among which Intelligence is one ; you do not thereby exlude 
from other ganglia other forms of Sensibility. 

So much for the first of the two answers which might be 
made to our original difficulty. The second answer will 
run thus : *^ It is true that the Bee manifests a certain de- 
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gree of consciousness, perhaps even of intelligence ; but it 
does so because the ganglia encircling the oesophagus, al- 
though not the same as the brain, represent the brain in the 
insect. The two organs are analogous, not homologous; 
just as the wings of the bee are analogous to the wings of 
the bird, but are not the same organs." 

It will scarcely be denied that I have placed the strongest 
argument which the case admits into the mouth of my antag- 
onist. To answer it we have only to consider steadily the 
relation which function bears to property and structure. 
Function, as we formerly saw (vol. ii. p. 28), is the use to 
which certain organs are applied, in virtue of the properties 
inherent in the structure of those organs. The wings of the 
bee and the bird are organs moved by muscles, under the 
stimulus of nerves, so as to beat with a light, expanded sur- 
&ce on the air, and thus make a lever to raise and sustain 
the body. There are several fundamental resemblances in 
tlie two wings ; and as these imply similarity in properties, 
there need only be similarity in the anatomical distribution, 
to produce a similarity in the uses of the wings. The point 
to which I wish attention directed is that analogy of struc- 
ture and connection which determines the analogy of func- 
tion. Without the moving muscles, the wing would be no 
organ of flight ; without the Contractility of the muscle-fibre, 
the muscles could not move ; without the stimulus and co- 
ordination of the nervous system, the muscle-fibres could 
not contract harmoniously, so as to produce this flying move- 
ment. It is because the two wings resemble each other in 
such particulars, that, in spite of their many differences, the 
wing of the bee and the wing of the bird are both organs of 
flight. 

In the same way the brain of a bee is analogous to the 
brain of a bird ; there are many and important differences, 
but there are fundamental resemblances of structure and 




connection, of property and function. It is because they ^ 
both formed of ganglionic substance tiiat they have both fj 
property of Sensibility. It is because they are both < 
nected with tbe organs of special Sense, and ar 
centres with which directly, or indirectly, all the nerves 4 

Kiectedjthat they both have the supreme function of w 
been aptly termed Cerebration. 
This is the teaching of Comparative Anatomy, and j 
on 18 valuable. If it shows ua how the cephalic ganglia 
n insect may represent the Brain of a vertebrate oniinal, 
thus eeem to justify the doctrine of the brain being the 
exclusive seat of consciousness ; it also, and by the same 
evidence, shows that Sensibility must belong to all ganglia, 
as ganglia, and not to any special group. It shows that the 
Brain of a vertebrate animal docs not derive its functions 
from any arrangement of its ti6suea,nor from the possessitm 
of cerebral hemispheres, nor from any other morphologi- 
cal character : since these functions arc performed, (the (^L^v/ m 
of them at least) by ganglia having no other resemblance tl 
Fix- 4B. ^ [jje Brain than fundamental t 

larity of tissue, and similarity c 
organic connection. Tlie Brain d 
rives its Sensibility from its ganj 
lionic structure, in which it r 
bk3 ail other ganglia. It deriyes| 
its fiinctiona from the various I 
to which this Sensibility is 
subservient by anatomical c 

This point may be illustnitad^ 
in a comparison of the organisation 
of a mollusc and an insect. Fig. 
49 shows the nervous system of a 
Sea-Haro {Aplysia) in its organii^J 
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relstioiiB. The ganglia of this moUuso are large enough to 
serve many functions, if they were connected with various 
organs. But the body of the Sea-Hare is not divided into 
s^ments, each segment having different organs : it is one 
large contractile mass, having no legs to walk with, no 
wings to fly with, no claws to grasp with ; it crawls slowly 
along by means of its large fleshy undcr-surface, called " the 
foot." Having so few means of acting on the external 
world, there can be little combina- 
tion of actions, little of the multi- 
farious instinct shown by the gardco- 
beetle, (Bg. 50.) 

Here we see an organism made 
up of a number of different organs, 
each organ having different uses ; 
consequently its nervous system 
has more various functions. Could 
we measure the nerve-force devel- 
oped by the Ehapeless Sea-Hare, 
and the tiny but complex Beetle, 
we should doubtless find that in 
amount the superiority of the former bbvols =^»1^^^'^o'' Q'hhes 
was manifest, although its fvnetion- (Aficr Miine-Edwarde.) 
al character was lower. 

I conceive, therefore, that Comparative Anatomy irre- 
sistibly disproves the notion of the Brain, or any other 
ganglionic mass, being the sole and exclusive seat of Sensi- 
bility or Consciousness ; and we shall hereafter ace still 
stronger evidence in the obser\'ation3 of experimentalists and 
patholi^sts. No one will misunderstand these remarks to 
mean tiiat the Brain ia not one great centre of Sensation and 
VolUitti — ^the chief and dominant oi^an of the whole psy- 
chical mechanism. 1 have said before that it has the noblest 
functions ; but it does not exclude the other ganglia from 
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their share in the general Consciousness. In it all the sen- 
sations derived through the Senses and Viscera are summed 
up, combined, modified, and in some profoundly mysterious 
manner elaborated into ideas. It is generalissimo of the 
whole army, controlling, directing, and inspiring the actions 
of all subordinate officers. But to suppose that these sub- 
ordinates have not also their independent functions, is a mis- 
take. The generals, colonels, captains, sergeants, corporals, 
and common soldiers, are individual men, like their com- 
mander-in-chief, with inferior power, and with different func- 
tions, according to their respective positions. But if the com- 
mander-in-chief be killed, the army has still its generals. 
If the generals be killed, the regiments have still their colo- 
nels. Nay, even a corporal's company may be kept together 
by an energetic corporal. And this we shall see to be the case 
with animals when their brain has been removed ; each sepa- 
rate part of the organism has its general, colonel, or corporal. 

The Brain, as generalissimo, needs an enormous supply 
of blood. Haller estimates the quantity at one-fifth of the 
amount sent to the whole body. In mere mass, also, the 
brain predominates ; but this is only true in the higher 
animals : in frogs, reptiles, and fish, it is leas than the Spinal 
Chord. 

In man the average weight of the whole brain is fifty 
ounces. In women the average is five ounces less. Taking 
50 oz. 3i drachms as the weight of the whole encephalon, 
the following are the respective weights of the three princi- 
pal masses : — 





oz. 
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Cerebrum, 


43 


15| 


Cerebellum, 


5 


4 


Pons, and Med. Oblong., 





15f 



50 3i* 

* QvAiN's Anatomy, By Sharpbt and Ellis, 6th edit., ii. 484. 
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In the Cerebrum and Cerebellum, or big and little brain, 
(Fig. 46—1, 2), the grey cellular matter is outside, and the 
white fibrous matter is inside. The outside presents a series 
of irregular folds or convolutions ; and it is in the convolu- 
tions of the Cerebrum that physiologists have imagined all 
Sensibility and Thought exclusively reside. The degree of 
intelligence possessed by a man, or animal, has been confi- 
dently attributed to the number and depth of these convo- 
lutions — i. e. to the amount of grey matter. This idea has 
become so popular that I shall probably excite surprise 
when I suggest that it is altogether without a scientific basis. 
In the first place, intellectual action, which is surely a func- 
Hon^ is made on this hypothesis a property of the grey mat- 
ter, irrespective of any anatomical connection ; and this is 
▼ery unscientific. In the second place, although the amount 
of grey matter may, other things being equal, determine the 
amount of force developed, yet, as we saw in the comparison 
of the Sea-Hare with the Beetle, it will not determine func- 
tional superiority. In the third place, accurate measure- 
ments show that there is no solid ground for the opinion to 
rest on. M. Baillarger instituted an elaborate series of 
measurements, from which it appeared that the increase of 
the grey matter was not accompanied by an increase of in- 
telligence ; whereas increase of the white matter was accom- 
panied by increase of intelligence.* Further, M. Camille 
Dareste has shown that the number and depth of the convo- 
lutions bear no constant relation to the amount of intelli- 
gence in animals. f Once imagine that intelligence has its 
seat in the grey matter of the convolutions, and these facts 
become inexplicable. But conceive intellectual action as 
functional, and the difiiculty vanishes. No development of 

* Baillarobb : Gazette Midicale^ 19th April 1845. 

t Babbsts : Annalea des Scieoces, 8' «^c, xvii. 30, and 4' «^'c, i. 73. Com- 
ptre bIbo Lbvbbt, i. 577 ef tegr. 
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the pectoral musdes will enable an ostrich to fly, because 
the ostrich has not wings adapted for flight. In like manner 
no development of the grey convolutions will enable an 
animal to manifest intellectual actions, unless these convolu- 
tions are in direct connection with the other necessary parts 
of the mechanism. We can understand how particular apti- 
tudes — say for drawing or music — ^may exist in men of 
small brams ; or be entirely deficient in men of large brains. 
The requisite adjustment of the nervous mechanism is pre- 
sent in the one case, and absent in the other. Now what 
is true of particular forms of intellectual action, must be 
true of all. I conclude, therefore, that a larger amount of 
grey matter will produce a large amount of Sensibility ; 
but the uses which this Sensibility will subserve in the ani- 
mal economy, will depend on the anatomical connections — 
on the complexity of the nervous mechanism. 

II. Functions of thb Cerebrum. — ^These prelimina- 
ries may help us to some understanding of the cerebral func- 
tions, by directing attention to its organic connections, native 
or acquired. Unhappily, as every one knows. Anatomy 
will not of itself disclose function ; but it will help us to 
explain function, when discovered. The mere inspection of 
a knife would never disclose to a child the various uses of 
the knife ; but having seen the knife in use, he would learn 
that it was the blade, and not the handle, which had the 
property of cutting ; and after a little experience, he would 
ascertain that this property of cutting depended on the fine- 
ness of the edge. From this he would rapidly generalise, 
and conclude that all hard substances having a fine edge 
might be employed to cut with ; and that steel, by reason 
of its hardness, was pre-eminently suited to that purpose. 
It is the same with anatomy. When observation has shown 
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US the use of an oi^an, we can explain the action of its sep- 
arate parts. 

Observation has, in various ways, remarked that the 
cerebral hemispheres are pre-eminently, if not exclusively, 
devoted to the intellectual actions. Whenever we hear of 
an idiot, we conclude that the cerebrum is very small, or 
malformed ; whenever we see a man with an unusually 
small cerebrum, we conclude him to be an idiot. 

There can be no doubt of the all-important participation 
of the Cerebrum in mental manifestation, when we learn 
that, if acddent have produced a hole in the skull, we can, 
by a slight pressure on the Cerebrum, throw the patient into 
a state of stupor, seeing nothing, hearing nothing, thinking 
notiiing. Pressure on the Cerebellum produces no such 
results. 

Sir Astley Cooper relates in his Lectures on Surgery the 
following remarkable case : A sailor fell from the yardarm 
on the deck, and was taken up insensible. For some months 
he remained in the hospital at Gibraltar perfectly insensible, 
yet otherwise healthy. He was then conveyed to Deptford, 
where Mr. Davy visited him, having been informed by the 
surgeon of the curious case. " It is a man who has been 
insensible for many months : he lies on his back with very 
few signs of life ; he breathes indeed, has a pulse, and some 
motion in his fingers ; but in all other respects he is de- 
prived of all powers of mind, volition, or sensation." Mr. 
Davy, on examining the patient, found a slight depression 
on one part of the head. Being informed of the accident 
which had occasioned it, he had the man removed to St. 
Thomas's Hospital under the care of Mr. Cline. It was 
here Sir Astley Cooper saw him " lying on his back, breath- 
ing without any great difficulty, his pulse regular, his arms 
extended, and his fingers moving to and fro to the motion of 
his hearty so that you could count his pulse by the motion 
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of his fingers. If he wanted foody he had the power of moV' 
ing his lips and tonptie ; and this action of his mouth was 
the signal to his attendants for supplying this want^ 

I interrupt the narrative at this point to request the 
reader's attention to the passage in italics, which has appa- 
rently escaped the notice of the numerous writers who have 
referred to this case. The man's " consciousness " is said 
to have been obliterated ; he had, we are told, lost all sensation 
and all volition ; yet we see that the sensation of Hunger 
was not gone, nor the volition which indicated by signs that 
food was wanted. The current doctrine is incompetent to 
explain such facts ; but according to the doctrine propound- 
ed in these pages, the facts are such as a priori might have 
been announced. 

" Mr. Cline," continues Sir Astley, " on examining his 
head, found an obvious depression ; and thirteen months and 
a few days after the accident, he was carried into the operat- 
ing theatre and there trephined. The depressed portion of 
the bone was elevated from the skull. While he was lying 
on the table the motion of his fingers went on during the 
operation, but no sooner was the portion of bone raised than 
it ceased. The operation was performed at one o'clock in 
the afternoon ; and at four o'clock, as I was walking through 
the wards, 1 went up to the man's bedside, and was sur- 
prised to see him sitting up in bed. He had raised himself 
on his pillow. I asked him if he felt any pain, and he im- 
mediately put his hand to his head. This showed that voli- 
tion and sensation were returning. In four days from that 
time the man was able to get out of bed, and began to con- 
verse ; and in a few days more he was able to tell us where 
he came from. He recollected the circumstance of his hav- 
ing been pressed and carried down to Plymouth or Fal- 
mouth ; but from that moment up to the time the operation 
Was performed, his mind had remained in a perfect state of 
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oblivion. He had drunk, as it were, of the cup of Lethe ; he 
had suffered a complete death as far as regarded his bodily 
and mental powers ; but by removing a small portion of 
bone with the saw, he was at once restored to all the func- 
tions of his mind, and almost all the powers of his body." 

This is in many respe^cts an interesting case. The 
psychologist should note that the man's memory was incom- 
petent to recall not only everything that had passed from 
the moment of the accident, but also the whole series of 
events and sensations which occurred from the time of his 
impressment till that of his accident, which occurred in the 
Mediterranean. 

It would be easy to multiply cases which point in this 
direction, and warrant the suspicion that the Cerebrum is 
the seat of intellectual action. But they only warrant a 
suspicion, they do not establish a certitude. Other evidence 
is needed. It might be asked whether other parts of the 
encephalon may not have been implicated — ^whether, when 
the Cerebrum is pressed upon, some interference with the 
masses underneath has not been induced — ^and whether the 
loss of mental manifestation may not result from this inter- 
ference. The heart is assuredly not the seat of intelli- 
gence ; yet if we check the action of the heart, we suspend 
all mental manifestations. What proof have we that the 
Cerebrum does not also act in some such indirect manner ? 
Here precise Experiment becomes necessary. Unhappily 
precise Experiment is here of such excessive difficulty, that 
we shall find experimenters often arriving at different re- 
sults. The Cerebrum is not a mass definitely separated 
from the other masses, so that its removal can be effected 
without interfering with other parts. The very complexity 
of the connections established between it and other centres, 
readers every experiment dubious, except in that negative 
direolSon previously pointed out (p. 82). 
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The researches of Flourens made an epoch * They 
were very striking : the conclusions he drew from them 
were announced in that systematic, definite, and absolute 
style, which is characteristic of French writers ; and by 
reason of their being easily understood and easily remem- 
bered, they gained European acceptance, in spite of the 
reservations of Cuvier and MoUer. They are really very 
captivating works. They seem to make the whole matter 
so clear and simple, that criticism and reservation are re- 
garded as impertinent disturbers of a comfortable convic- 
tion. But the serious student learns to distrust all epigrams 
in science. Whenever a complex question is answered by 
a neat formula, pretending to embrace all the phenomena, 
and to clear up all obscurities, it is a wise caution which 
suspects there is something wrong. I am £a,T from wishing 
to detract from the merits of Flourens. He made an 
epoch, and deserves honorable recognition. But I do not 
think his conclusions tenable in the face of evidence ; his 
facts are not unfrequently in contradiction with what more 
careful experiment and observation disclose; and his con- 
clusions are occasionally contradicted by the very facts he 
himself records, although theoretic preconceptions blinded 
him to their significance. 

Flourens declares that when he removed the whole of 
the Cerebrum from Pigeons and Fowls, they lost all sensa- 
tion, all perception, all instinct, and all volition. They lived 
perfectly well for months afler the operation, if the food 
were placed in their mouths ; but they never sought their 
food; they never took it, even when their beaks were 
plunged into it : they could swallow, and digest the grains ; 
but they had no instinct to make them seek, no volition to 
make them pick up the grains. They saw nothing, although 

* Flovbsks : Recherchea tsphimentalea 8ur les propriitis et leafonetiont du 
SytUnw^trviuXj 1824 ; and EspSriencea 9ur le SytUme NarveuSt 18». 



EXFEBDfENTS OF FLOUBENS. 95 

the iris remained irritable ; they heard nothing ; they could 
not smell. A state of stupor came on, resembling that of 
deep sleep. All voluntary action ceased. If they were 
thrown into the air, they flew ; if irritated, they moved 
away ; but if left to themselves, they remained motionless, 
with the head under the wing, as in sleep. Now, inasmuch 
as these effects always ensue when the Cerebrum is re- 
moved, and never when only the Cerebellum is removed, 
he concludes that all instincts, volitions, and sensations, 
" belong exclusively to the cerebral lobes." 

It should be stated that all experimenters agree in 
one cardinal point, namely, that removal of the cerebral 
hemispheres throws the animal into a stupor resembling 
that of deep sleep, Memory being almost, if not totally, de- 
stroyed. In this respect we may compare the case pre- 
viously cited from Sir Astley Cooper (p. 91). 

But all experimenters do not agree in other points 
named by Flourens ; nor in the conclusions he has drawn. 
On the contrary, it is very certain, and we shall find evi- 
dence even in Flourens himself, that all instincts and all 
sensations are not destroyed by the removal of the cerebral 
lobes. 

Let us hear Bouillaud on this subject.* He repeated the 
experiment of Flourens, removing the whole of the Cere- 
brum from the Brain of a fowl ; and he thus records his 
observations: "This fowl passes the greater part of her 
time asleep, but she awakes at intervals, and spontaneously/. 
When she goes to sleep, she turns her head on one side and 
buries it in the feathers of the wing ; when she awakes, she 
shakes herself, flaps her wings, and opens her eyes. In this 
respect there is no difference observable between the muti- 
lated and the perfect bird. She does not seem to be moved 

* BovTLLAim : Meekerchea EsphttMntdUa aur lea Fonctiona du Cerveou en 
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at all by the noise made round about her, but a very slight 
irritation of the skin suffices to awaken her instantaneously. 
When the irritation ceases, she relapses into sleep. When 
awake, she is often seen to cast stupid glances here and 
there, to change her place and walk spontaneously. If put 
into a cage, she tries to escape ; but she comes and goes 
without any purpose, or rational design. When either foot, 
wing, or head is pinched, she withdraws it; when she is 
laid hold of, she struggles to escape^ and screams ; but no 
sooner is she liberated than she rests motionless. If se- 
verely irritated, she screams loudly ; but it is not only to 
express pain that she uses her voice, for it is by no means 
rare to hear her cackle and cluck a little spontaneously ; that 
is to say, when no external irritation affects her. Her 
stupidity is profound ; she knows neither objects nor places, 
nor persons, and is completely divested of memory in this 
respect : not only does she not know how to seek or take 
food, she does not even know how to swallow it when 
placed in her beak — ^it must be pushed to the throat. 
Nevertheless her indocility, her movements, her agitation, 
attest that she feels the presence of a strange body. Inas- 
much as external objects excite in her no idea, no desire, 
she pays no attention to them ; but she is not absolutely 
deprived of the power of attention, for if much irritated her 
attention is awakened. She knows not how to escape an 
enemy, nor how to defend herself. All her actions, in a 
word, are blind, without reflection, without knowledge." 

In this recital, the evidence both of sensation and in- 
stinct- \s incontestable, to any unprejudiced mind. Bouil- 
laud, in commenting on his observations, remarks, that 
assuredly all sensation was not destroyed, since the sensi- 
bilities of touch and pain were very manifest. Nor is it 
certain, ho says, that the fowl heard nothing, saw nothing. 
It is true that she stumbled against objects, and knew not 
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how to avoid them ; but having lost all memory ^ that is in- 
telligible. She opened her eyes on awaking, looked about, 
and showed a sensibility in the pupil to light ; which, he 
thinks, is incompatible with the absence of all sensation of 
sight. 

The experiments of Longet* seem decisive on this latter 
point. Having removed the whole of the Cerebrum from 
a pigeon, he observed that whenever he approached a light 
brusquely to its eyes, there was contraction of the pupil, 
and even winking ; but, what was still more remarkable, 
" when I gave a rotatory motion to the candle, and at such 
a distance that there could be no sensation of heat, the 
pigeon made a similar movement with its head. These 
observations, renewed several times in the presence of per- 
sons who were at my lectures, left no doubt of the persist- 
ence of sensibility to light after removal of the cerebral 
lobes." We have only to think of the baby following with 
its eyes the light moved before it, to understand the kind 
of impression produced by the candle on the pigeon. Lon- 
get also declares that his experiments prove the existence 
of sensations of sound, after removal of the whole cerebrum. 

Dr. Dalton, giving the results of numerous experiments 
he performed, says that removal of the Cerebrum plunges 
the animal in " a profound stupor, in which he is almost en- 
tirely inattentive to surrounding objects. . . . Occa- 
sionally the bird opens its eyes with a vacant stare, stretches 
his neck, perhaps shakes his bill once or twice, or smooths 
down the feathers upon his shoulders, and then relapses into 
his former apathetic condition. This state of immobility, 
however, is not accompanied by the loss of sight, of hearing, 
or of ordinary sensibility. All these functions remain, as 
well as that of voluntary motion. If a pistol be discharged 
behind the back of the animal, he at once opens his eyes, 

'Loitost: Trait4d9Phifnologi9^\i.2AO. 

21 
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moves his head half round, and gives evident signs of having 
heard the report ; but he immediately becomes quiet again, 
and pays no further attention to it. Sight is also retained, 
since the bird will sometimes fix its eye on a particular ob- 
ject, and watch it for several seconds together." * 

While, therefore, Flourens concludes from his experi- 
ments that the Cerebrum is the seat of all sensation and all 
volition ; and Bouillaud concludes that it is most probably 
the seat of none; Dr. Dalton, more philosophical than 
either, concludes that the functions of the Cerebrum are re- 
stricted to those usually classed as intellectual. ^' The ani- 
mal," he truly says, " is still capable, after removal of the 
hemispheres, of receiving sensations from external objects. 
But these sensations appear to make upon him no lasting 
impression. He is incapable of connecting with his per- 
ceptions any distinct succession of ideas. He hears, for 
example, the report of a pistol, but he is not alarmed by it ; 
for the sound, although distinctly perceived, does not sug- 
gest any idea of danger or injury. The memory is alto- 
gether destroyed, and the recollection of sensations is not 
retained from one moment to another. The limbs and 
muscles are still under the control of the will ; but the will 
itself is inactive, because apparently it lacks its usual mental 
stimulus and direction."! 

Translated into the language of these pages, the experi- 
ments show that sensations are excited in the centres to 
which the respective sensory nerves belong ; these centres, 
in turn, excite the sensibility of the great centre (Cerebrum) 
with which they are connected : these reflex, or secondary, 
excitations call forth others (trains of ideas), and one of 
these (say the idea of danger) acts by reflex on the motor- 

* Daltov : Human Physiology, Philadelphia, 1869, p. 882. This lacid expo- 
sition of the principles of Physiology is— Uke the similar work of Dr. Draper 
—an honour to American science. 

t Daltov, p. 862. 
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organs. By removing the great centre, you remove tlie 
possibility of its various reflexes ; you do not remove the 
sensibility of other centres. 

Dr. Dalton reminds us how disturbance of the cerebral 
Mictions in human beings recall these observations on ani- 
mals. " In cases of impending apoplexy, or of softening of 
the cerebral substance, among the earliest and most common 
phenomena is a loss or impairment of the memory. The 
patient forgets the names of particular objects, or particular 
persons; or he is unable to calculate numbers with his 
usual facility. His mental derangement is often shown in 
the undue estimate which he forms of passing events. He 
is no longer able to appreciate the true relation between 
different objects and different phenomena. Thus he will 
show an exaggerated degree of solicitude about a trivial oc- 
currence, and will pay no attention to other matters of im- 
portance. As the difficulty increases, he becomes careless 
of the directions and advice of his attendants, and must be 
watched and managed like a child or an imbecile. Afler a 
certain period he no longer appreciates the lapse of time, 
and even loses the distinction between day and night. 
Finally, when the injury to the hemispheres is complete, 
the senses may still remain active and impressible while 
the patient is completely deprived of intelligence and judg- 
ment." * 

Having seen how far other experimenters are from con- 
firming the conclusions of Flourens, let us glance at his rec- 
ord of observations, and we shall find there evidence that all 
sensation and all volition cannot be localised in the Cere- 
brum. 

Speaking of a fowl whose Cerebrum was removed the 
day be£>re, he says, " she shakes her head and feathers, 
sometimes even she cleans and sharpens them with her 

Dalton, p. 863. 
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beak ; sometimes she changes the leg on which she sleeps, 
for, like other birds, she sleeps habitually resting upon one 
1^. In all these cases she seems like a man, asleep, who, 
without quite waking, changes his place, and reposes in 
another, from the fatigue occasioned by the previous pos- 
ture: he selects one more comforictble, stretches himself, 
yawns, shakes himself a little, and falls asleep again. . . 
On the third day the fowl is no longer so calm ; she comes 
and goes, but without motive and without an aim ; and if 
she encounters an obstacle on her path, she knows not how 
to avoid it." * In his second work he remarks of a Duck 
' operated on in the same way : " As I mentioned last year d 
propos of fowls, the duck walks about ofbener, and for a 
longer time together, when it is fasting than when it is 
fed."* 

Here he observes the immistakable evidence of feelings 
of Hunger, Eatigue, and Discomfort in animals which, ac- 
cording to him, have lost all sensation. He also observes 
the operation of instinct (cleaning the feathers), and of spon- 
taneous activity (walking about), in animals said to have 
lost all instinct and all volition. We can only repeat the 
judgment of Johann von MoUer : " Flourens concluded from 
his experiments that the cerebral hemispheres are alone the 
central organ of sensations. But this is not a legitimate 
inference from his highly interesting observations, which, as 
Cuvier remarked, prove directly the contrary of this." 

If we review the evidence furnished by experiment and 
observation, we shall perceive that although the cerebral 
hemispheres play an important part in the psychical mechan- 
ism, they are not the exclusive centres of sensation, instinct, 
or volition, since all these are manifested when the cerebrum 
is removed. This is one step towards the demonstration of 
t^e truth, that neither the whole brain, nor any portion of 

* Flousskb, p. 80. FLOUBBHg : JBMpiritne§§t p. 20. 
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it, can be the exclusive organ of the Mind. This is only a 
step, however, and we must wait until the whole nervous 
system has come under review before the demonstration can 
be complete. 

We have still to ascertain what are the functions of the 
Cerebrum. The first point we notice is, that no nerve what- 
ever issues from it. It is the ganglionic centre with which 
all nerves are indirectly connected, but from which no nerve 
takes its rise. All its vast array of nerve-fibres forms but 
a connecting apparatus^ by means of which it is played upon 
by all other centres, and can play upon them. We are 
justified, therefore, in concluding that not one of the sensa- 
tions excited by external stimuli can be directly produced in 
the Cerebrum, but must reach it through the ganglion of 
each stimulated nerve. It is on this ground, I presume, that 
Prochaska, Mailer, Schroeder van der Kolk, and others, have 
maintained that consciousness of sensations is no function of 
tlie Cerebrum at all. I am not sure that I perfectly seize 
their meaning ; but every argument seems to be against 
the idea that the Cerebrum acts as the original seat of sen- 
nations derived through the sensory nerves. This position 
must be clearly understood. The Cerebrum I conceive to 
be a seat of Sensibility, because of its ganglionic nature. 
But the forms of Sensibility excited in it must necessarily 
differ from those excited in other ganglia, which have differ- 
ent organic connections. It has no nerves distributed to the 
skin, or to the organs of special sense ; it cannot, therefore, 
have the peculiar kinds of sensation which are excited 
through the skin and organs of sense. Its Sensibility can 
only be excited through the agency of its own nerve-fibres ; 
and these connect its several parts together, and connect it 
with the other centres, upon which it plays, and through 
which it is played upon. We have no difficulty in under- 
standing that, because the organic apparatus with which the 
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optic centre is connected, differs from that of the auditory 
centre, the forms of Sensibility excited in these centres will 
be different. Nor should we have any difficulty in under- 
standing why a ray of light acting on the optic centre must 
excite a different form of Sensibility from that which would 
be excited by its acting on the Cerebrum through the optic 
centre, i, e, giving the sensation of light in the one case, and 
the perception of light in the other. 

By this explanation I have endeavoured to make it clear 
how the forms of Sensibility excited in the cerebral hemis- 
pheres must necessarily be in many respects unlike those ex- 
cited in the ganglia, which are directly stimulated by sen- 
sory nerves. The difference between a perception of sound 
and a sensation of sound is as great as the difference be- 
tween the sensation of pain when a skin-nerve is divided, 
and the sensation of a flash of light when the optic nerve is 
divided. 

The Sensibilities of the Cerebrum are usually grouped 
imder two general heads — ^Intellect and Emotion. Hitherto 
it has been msyterious how an organ so homogeneous as the 
Cerebrum, wherein each convolution is but a repetition of 
the others, should nevertheless serve functions so various as 
those of the Intellect and the Emotions. Even those who 
reject the phrenological localisation of the separate faculties, 
admit that the front part of the Cerebrum seems specially 
devoted to the Intellect, and the middle and back parts to 
the Emotions and Instincts. But neither phrenologists, nor 
their antagonists, to my knowledge, have had any scientific 
explanation to offer ; and as the views advocated in these 
pages seem to me to present a possible elucidation of the 
difficulty, I will first state the objection, and then endeavour 
to remove it. 

The convolutions of the Cerebrum are everywhere sim- 
ilar and continuous, like so many folds in a piece of velvet. 
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They are not separate ; they are not different ; they are 
identical. Why, then, can we suppose they are the organs 
of very different functions ? We do not imagine that one 
lobe of the liver, or lobule of the kidney, plays a different 
part from that of its fellows ; why, then, do we imagine 
that one convolution, or group of convolutions, can be de- 
voted to reasoning, and another to loving, one to the percep- 
tion of colours, and another to an instinct ? 

The phrenologists evade this difficulty by saying that 
" observation teaches them the facts are so." Without here 
disputing this assertion, I must remark that it in no way 
removes the scientific difficulty; and as Phrenology pro- 
fesses to be the Physiology of the Brain, it is bound to con- 
nect its observations with some scientific explanation of the 
nervous mechanism involved. 

We need not evade the difficulty ; for if Function be 
determined by anatomical connection, it is clear that, al- 
though the Cerebrum may be one homogeneous structure, it 
will have various functions if it be connected with various 
organs. Assuming that every convolution has the same 
general property of Sensibility, our principles lead to the 
conclusion that the peculiar kind of Sensibility excited 
in each will depend upon the nature of the stimulus ; and 
the nature of the stimulus will of course be determined by 
the organic apparatus effecting it. A stimulus through the 
optic centre must be different from a stimulus through the 
gustatory centre ; and both of these must be different from 
a stimulus through the viscera. The stimulus received 
through the centre of Perception, will necessarily differ 
from that received through the centre of the Appetites ; and 
thus, widely as an Idea differs from an Emotion, they are 
both peccdiar forms of Sensibility. 

Altboogfa the general relations of the cerebral convolu- 
ti<»ui ai» thus indicated, it would require an entirely new 
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investigation of the anatomy of the Brain to carry this into 
detail. For the present our knowledge is too imperfect to 
admit even of an attempt at detail. I will, however, ven- 
ture to suggest the point of view which might direct inquiry. 
If we ask what are the chief divisions into which all psychical 
phenomena group themselves, we shall find that the popular 
classification into Thinking and Feeling, or Mental and 
Moral, lucidly and broadly indicates the primary groups. 
Let us, ideally, decompose these into six centres, three for 
each division. In the first group we may place Sensations, 
Perceptions, and Ideas — the various combinations of which 
represent intellectual activity. In the second group we may 
place Sensations, Instincts, or Appetites and Emotions — the 
various combinations of which represent moral activity. 

Sensation thus forms the point of departure for each 
series. But we have already seen that there are various 
kinds of sensation, and that these fall into two distinguish- 
able groups — ^namely. Sense-sensations and Systemic-sensa- 
tions. The first are derived through the organs of special 
Sense, i. e. Sight, Hearing, Taste, Smell, and Touch. The 
second are derived from the Viscera, Muscles — in a word, 
from the system at large. The first may almost be con- 
sidered as impersonal, because they bring us into conscious 
relation with external objects — with the Not-self. The 
second are, on the contrary, intensely personal, because 
they do not bring us into conscious relation with external 
objects, but only with what is passing within our bodies. 
Season has oflen been considered impersonal, but no one 
ever considered Emotion to be so. The intellectual opera- 
tions always imply an externality ; even when we are spec- 
ulating about our own feelings or mental operations, we 
always view them as if apart from ourselves. The Emo- 
tions have a deeper root in personality. Every man, unless 
he be a subtle psychologist, believes that the redness is in 
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the rose, the sweetness in the apple, and the loudness in the 
thunder. But no man, not even the psychologist, believes 
that the love or hate, the fear or reverence, the desire or 
disgust, which moves him, belongs to the object which ex- 
cites the feeling. 

This externality of the Sense-sensations, and intemality 
of the Systemic-sensations, creates a broad line of demarca- 
tion between the Perceptions which arise from the one, and 
the Appetites, or Instincts, which arise from the other ; and 
these, in turn, issue in the very different forms of Sensi- 
bility known respectively as Thought and Emotion. 

It has never been doubted that our perceptions and ideas 
have their origin in sensations. The old philosophic adage 
that nothing is in the intellect which was not previously in 
the sense, may be equivocal, from a restricted use of the 
word sense ; but it points to the well-authenticated fact, that 
sensation lies at the basis of all intellectual operation. I 
feel myself justified, therefore, in considering Ideation as the 
form' of cerebral sensibility which is determined by the 
cerebral connections with the ganglia of special Sense. In 
like manner, Emotion may be considered as the form of 
cerebral sensibility which is determined by connections with 
the ganglia of visceral sensation. It was formerly believed 
that the heart, the liver, and the spleen, were seats of the 
passions ; popular language still preserves this notion ; but 
Bichat was the last great anatomist who countenanced the 
doctrine. Since that doctrine has fallen into discredit there 
has been an undue neglect of the important fact which it 
endeavoured to explain, namely, the immediate influence 
exercised over the emotions by the condition of the viscera, 
and the influence exercised over the viscera by the state of 
the emotions. Both the ancient and the modern doctrine 
are reconciled in the view I have put forth, which makes the 

21* 
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viscera the main source of emotions, just as the organs of 
sense are the main source of ideas. 

Although the mental phenomena are thus grouped under 
two primary and six secondary divisions, to which anatomy 
may one day assign corresponding parts of the nervous ap- 
paratus, we must never lose sight of the fact, that there is 
perpetual action and interaction between the various cen- 
tres. But this consideration leads us into the domain of 
Psychology, and we must therefore pause here. It is not 
for us to attempt to unravel the tangled mystery of mental 
operations. We have not been able to do more than indi- 
cate in a very general manner the relations existing between 
the Mind and the Brain ; and having done so, we have now to 
ask, whether the cerebral hemispheres have any other func- 
tions 1 I think they have ; but as physiologists have not 
directed their attention in this direction, there are no ex- 
periments on record to throw light on it. Lallemand con- 
ceives that there must be some necessary dependence of the 
Spinal Chord on the Cerebrum in the higher animals, and it 
is to this he attributes the fact, certainly significant, that 
children born without a brain never live more than three 
or four days : they do not die of starvation, for they swal- 
low food quite well. He also observes that the movements 
of these brainless children are much feebler than those of 
others at the same age.* One might, indeed, suspect the 
cause to lie deeper ; the same cause which determined the 
malformation may determine the feeble vitality. But Lal- 
lemand's idea is strengthened by the observation of Flou- 
rens,f that removal of the cerebrum retards digestion ; and 
by the familiar fact of the intimate sympathy between the 
Mind and all the organic functions. 

It is perhaps on this ground that we may explain the dis- 

* Quoted by Bollt On the Brain, p. 466. 
t Tloitbbvs : Recherehea^ p. 129. 
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proportion between the mental activity and the size of brain 
in certain animals. The elephant has a brain three times 
heavier than that of man ; and that of the whale is nearly 
twice as heavy as that of man. It is true that in the ele- 
phant and whale the cerebrum is not so much greater than 
the other parts, as is the case in man, in whom, as we saw, 
it is eight times the size of the other parts ; nevertheless 
the preponderance of the cerebrum is considerable, and there 
is .certainly no preponderance of mental power to corre- 
spond with it. When, however, we conceive the cerebrum 
as the chief nervous centre having dominion over all others 
— ^when we assign to it participation in other functions be- 
sides those of mental activity, the immense size of the body 
of the elephant and whale seems to justify an equivalent de- 
velopment of the cerebrum. 

On this, however, we must be content with hypotheses. 
Sdence has no carefully-collated fects to justify us in any- 
thing beyond a general surmise that the cerebral hemi- 
spheres have more than an intellectual and volitional part to 
play : that they are directly connected with the functions of 
intelligence, no reasonable man will doubt ; and having ar- 
rived at this conclusion, we will now pass on to the exami- 
nation of the other centres, by anatomists grouped together 
under the general term Brain. 



CHAPTER IX. 

{OmUinited.) 
THE MIND AND THE BRAIN. 

SECTION II. — THE CEREBELLUM AND MEDULLA OBLONGATA. 

Description of the Cerebellum— Gall'B hyx>otheBi0— Ezx)erimeDtB of Flourens to 
prove that the Ccrebellam co-ordinatoB maBcalar movementB : argnments 
against snch an hypothesis— Flat contradictions— The experiments of Sohtff 
— Evidence famished by Comparative Anatomy ; and by Disease— Absence 
of the Cerebellum not accompanied by absence of co-ordination : Combette's 
case — The Cerebellum as a seat of sensation and volition— Has the Cerebel- 
lum any share in intellectual operations f— Description of the Medulla ob- 
longata— Is the Medulla distinct from the Spinal Chord ?— The Medulla a 
Beat of volition— Why it is considered a seat of sensation— Is there a " vital 
point ¥''— Experiments of Flourens contradicted by the experiments of 
Schiff and Brown-S^quard- Influence of the Medulla on the hearths action 
— ^Why a " shook" of grief or joy causes death— Pain the cause of death- 
Summary of the functions of the Brain. 

After the Cerel)ruin, or big brain, our attention must be 
claimed by the Cerebellum, or little brain, which, in man, 
lies underneath the greater mass, as seen in Fig. 51, 2, p. 109. 
The two organs present some differences in structure, but 
they agree in principal points : they are both composed of 
grey matter externally, and internally of white matter. 
The convolutions of the Cerebellum are more compressed, 
and have the appearance of leaflets. Like the Cerebrum, it 
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pened the wits of physiologists, in the investigation of 
this point, making them at once more patient in research 
and more circumspect in interpretation, than they are wont 
to be when no doctrine is at stake. If a little of this ani- 
mus had moved them to scrutinise more closely the hypoth- 
esis first propounded by Flourens, it would never have 
obtained tlie too facile acquiescence of Europe ; and our 
science would have been burd^ied with one error less. But 
there was nothing at stake in the hypothesis that the Cere- 
bellum was the organ of muscular co-ordination — nothing 
but Truth ; and, unhappily, the desire for Truth does not 
move the passions of men with the same energy as a desire 
to attack or defend a system. 

If there is a position which our text-books represent 
as impregnable, it is that the co-ordination, or regulation, of 
muscular movements is the peculiar function of the Cerebel- 
lum. It seems looked on as a first truth. The experiments 
of Flourens and Bouillaud are considered as having estab- 
lished the point beyond dispute.* With what justice we 
will now inquire. 

Flourens removed, by successive slices, the Cerebellum 
of a goose. With the first slices he noted hesitation and 
want of harmony in the movements of the bird ; with the 
second slices the walk became a stagger; with the final 
slices all power of locomotion, all power of retaining the 
equilibrium of the body, disappeared. Throughout these 
operations the intellectual and sensitive faculties were un- 
disturbed. " The Cerebellum, therefore," concludes Flourens, 
" is the seat of the co-ordination of muscular movement ; but 
not the seat of intelligence, sensation, volition. The Cere- 

♦ Floubens : RechercheSf &o. Bouillaud : Recherckea tendant d router 
Popinion de M. OaU sur lea fonctiona du Cervelet, 1827. Although Bouillaud 
oontrovertB Flousbns on some points, showing that it is only over the muscles 
of the extremities that the co-ordinating power extends, yet he agrees with him 
on the main point. 
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brum feeU and mils; the Medulla oblongata and spinal 
chord execute; the Cerebellum co-ordinates" This is one 
of those neat epigrams which captivate assent, and rest in 
the memory ; and as regards the Cerebellum, it receives 
further assistance from the following statement made by 
Longet: "Take two pigeons — from the one remove the 
whole Cerebrum, from the other only a part of the Cere- 
bellum ; on the morrow, the first will be firm on its feet, 
the second will have the gait of a drunken man."* 

The fact is indisputable ; but does it carry the conclu- 
sion ? It seems to me that there is a misconception of the 
bearing of experimental evidence, in the supposition that in- 
jury to an organ, followed by disturbance of a particular 
fimction, proves that the fiinction in question has its seat in 
that organ : nothing more than a suspicion can be warranted 
by such evidence ; and in the present case the suspicion is 
proved to be erroneous, by the fact that the function can in 
some cases be exercised when the organ is absent. Experi- 
ment and Pathology, if sufiiciently examined, distinctly pro- 
nounce against the hypothesis. 

The idea of there being one particular seat of muscular 
co-ordination appears to me illusory. Each centre co-ordi- 
nates the muscles to which its nerves are distributed ; and 
the co-ordination of the whole depends on the integrity of 
the whole mechanism. The Spinal Chord is the general 
oftitre fix>m which spring the nerves distributed to the limbs 
and trunk. If this chord be divided, lengthwise, into two 
halves, each half will co-ordinate the muscles of each side of 
the body ; but the two sides will not move harmoniously, 
because the integrity of the mechanism has been disturbed ; 
and a|9 regards the movements of the limbs, the two halves 
might be two animals. It is the same when the chord is 
divided across : this cuts the body into two halves ; but the 

* Longet, li. 265. 
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fore-legs are co-ordinated by the anterior half, the hind-legs 
by the posterior half. But if the division has not been com- 
plete, if we leave the grey matter to be on one side continu- 
ous, then Stilling assures us, the continuity enables both 
sides to be co-ordinated.* 

The experiments of Flourens and Bouillaud certainly 
prove that the Cerebellum exercises some marked influence on 
muscular movements, at least those employed in sustaining 
equilibrium. But this is true only of birds and mammals. 
It is unequivocally not true of lizards, frogs, tritons, &c. 
Flourens indeed says: "I removed the Cerebellum of a 
frog ; walking, leaping, even standing, were suddenly abol- 
ished. I removed the Cerebellum, bit by bit, from another 
frog ; walking, leaping, and standing, were gradually abol- 
ished."! The facts were doubtless as he describes them ; 
but I venture to say that if he had allowed half an hour to 
elapse, so as to allow the shock of the operation to pass 
away, he would have seen the frogs leaping and swimming 
as vigorously as ever. Every one who has experience 
in these matters will remember that unless the frogs so 
operated on (or even after the entire removal of the brain) 
were carefully secured, they were soon hopping about the 
house — to the horror of maid-servants, and amusement of 
the experimenter. 

Here then is a patent contradiction : The Cerebellum, 
which has such marked influence over the movements or 
birds, has none at all, that is appreciable, over the move- 
ments of frogs. Those who suffer phrases to do duty for 
ideas, may get over this contradiction by saying that birds 
are " differently constituted " from frogs, and therefore the 
Cerebellum may have a function in the one which it has not 

* Stilling : Vnterswihwn^tin HiheT die Functionen dea R&ckenmarka, 145 
146, 155. 

t Floubbhs, p. 51. 
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in the other. But no biologist^ -who pretended to philoso- 
phy, would be satisfied with a phrase so vague ; he would 
demand in what this said difference of coBstitution consisted. 
He would know that function is determined by anatomical 
connection, and would inquire what were the anatomical dif- 
ferences in these cases. 

I was groping my way through this obscurity, when the 
experiments of Schiflf seemed to flash a sudden streak of 
light. He showed that the strands of nerve-fibres which 
pass into the Cerebellum (called the crura cerehelli) are in- 
strumental in fixing the vertebral column in the region of 
the neck ; and that when an injury to the Cerebellum dis- 
turbs the harmony of movements, it is by acting on these 
neck-fiidng parts. If the Cerebellum, he says, be cut through 
on one side, the movements become irregular ; but if it be 
cut through on both sides, in a perfectly symmetrical man- 
Der, the movements do not at all become irregular.* No 
one need be told that the equilibrium of the body is main- 
tained by the adjustment of the vertebral column. This 
must be notably the case with a long-necked bird ; it is not, 
however, the case with the short-necked frog, or triton, 
which requires no such adjustment of its column to preserve 
equilibrium.f ♦ 

After this refutation, it is interesting and instructive to 
read the array of facts which can be brought from Compara- 
tive Anatomy to give countenance to the hypothesis : " On 
ascending the scale of mammiferous animals, we cannot but 
be struck with the rapid advance in the proportional size of 
the Cerebellum which we observe as we rise from the lowest 

* SoHirr : Lehrbuek der Physiol.^ i. 355. 

t BInoe this ynm written, the German tranelatlon of Schrcedbr tan dkr 

KoLK^S work has apx)eared, in which he declares it has always heen incompre* 

henslble to him how men could believe the cerebcllam to be the seat of co-ordi* 

liftti(ni, which he places in the spinal chord, and he adduces the movements of 

.deeapitatod firogs as proof.— J?au und Functionen der Med, S^in.f 1859, p. 68. 
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(which are surpassed in this respect by many birds) towards 
man, in whom it attains a development which appears enor- 
mous even when contrasted with that of the Quadrumana^ 
In proportion, in fact, as the extremities acquire the power 
of prehension, and together with this a power of application 
to a great variety of purposes — ^still more in proportion as 
the animal becomes capable of maintaining the erect posture, 
in which a constant muscular exertion, consisting of a num- 
ber of most elaborately combined actions, is required — do 
we find the size of the Cerebellum and the complexity of its 
structure undergoing a rapid increase. Thus, even between 
the dog and the bear there is a marked difference ; the latter 
being capable of maintaining for some time the erect pos- 
ture, and often spontaneously assuming it ; whilst to the 
former it is anything but natural."* 

This evidence is valuable as indicating some connection 
between the Cerebellum and muscular movements, but it 
cannot weigh against the positive evidence just adduced. 
Nor can much countenance be gained from the evidence of 
Disease, although that also is frequently invoked. Irregu- 
larity of co-ordination is indeed sometimes found accompa- 
nying disease of the Cerebellum ; but more frequently not ; 
and it sometimes accompanies disease of the Cerebrum. 
Andral has collected ninety-three cases of diseased Cerebel- 
lum, and of these " there is only one which tends to favour 
the opinion of physiologists." Longet, who quotes this, re- 
marks that inasmuch as the diseases were for the most part 
chronic, it is possible that the unaffected portions may have 
performed the co-ordinating function ; and he considers the 
evidence of Experiment to be more conclusive. On the 
other hand, Ludwig curtly declares that all experiments on 
birds are valueless for the physiology of man, since no one 
has ever observed these phenomena of imperfect co-ordina- 

* Oabpkntib : Human Phyaiologtft p. 521. 
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tion when the human Cerebellum has been injured.* I 
agree with Longet that experiment is more conclusive ; but 
it concludes against the hypothesis. Pathology, however, 
records one very striking case, which of itself would suffice 
to settle the question, because it shows us the absence of a 
Cerebellum in a human subject. It was first published by 
Combette, in the Revue Medicale, 1831, and is constantly 
alluded to. Mr. Solly reports it thus, in his work on the 
Brain : — 

" This was a case in which the Cerebellum was entirely 
wanting, nothing being found in its place but a quantity of 
serous fluid contained in the membranes : on each side a 
pedunculated body, not larger than a pea, was attached to 
the corpora restiformia ; all the rest seemed replaced by a 
nervous sac. The pons Varolii, as well as the Cerebellum, 
were absent, and the individual in whom this remarkable 
lesion was observed had attained the age of eleven years. 

" This case shows that agenesia cerebelli, or total want 
of the Cerebellum, does not necessarily render existence 
impossible, provided the other parts of the nervous centres 
be well conformed. The individual may even live for a 
considerable time. The child here was nearly twelve years 
of age, and we have reason for considering the disease as 
congenital ; for had it been acquired — had this absence of 
the whole Cerebellum depended on an actual destruction of 
the nervous substance by an organic lesion, it is not prob- 
able the child would have survived so long. 

** What were the phenomena observed during life 1 What 
effect did this complete atrophy produce on the intellect ? 
What modification in the function of motion ? The intel- 
lectual fiiculties were obtuse, though not to a remarkable 
degree ; the answers slow and difficult ; the whole counte- 
nance expressive of stupidity : in a word, the child, though 

♦ Lcowio : Lekrbuch dcr Physiol.^ 1. 210. 
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not exactly idiotic, still showed a deviation of the xn^ital 
powers. The motility was also modified ; the power of 
motion was considerably weakened in the lower limbs, which 
did not possess their natural force and vigour ; hence the 
child was unable to support itself with any firmness ; it fell 
down frequently ; the legs crossed each other during walk- 
ing, and the gait was irregular and unsteady. At length 
the child was compelled to confine itself altogether to bed, 
and after some time was unable to stir, even when lying in 
a horizontal position. Thus the modification of motility 
consisted in the gradual abolition of motion : to this were 
joined epileptiform convulsions, which continued for some 
time, and finally carried off the patient. The sensation of 
the integumental covering was not modified in any way 
whatever. There was no increase of sensibility in the com- 
mencement — ^no obtuseness or diminution of feeling, even 
when paralysis was most complete ; the senses also remained 
intact. The child could see, hear, and taste, in a perfect man- 
ner. The functions of nutrition, circulation, and respiration 
were carried on without any notable disturbance." 

This remarkable case has been quoted to prove the truth 
of the opinion advanced by Flourens ; it is alluded to by 
Longet as one subversive of all the hypotheses that have 
been advanced. If we examine it by the light of the ex- 
perimental canon previously laid down — namely, that " the 
disappearance of a function, on the removal of an organ, is 
no proof whatever that the function had its seat in that 
organ ; but the persistence of a function, after the removal 
of an organ, is rigorous proof that the function had not its 
seat in that organ " — ^we shall clearly see that the opinion 
of Flourens is refuted by this case. The co-ordinating 
power was weak, indeed, at least in the lower extremities 
(nothing is said of the upper) ; but the whole motility was 
weak, and at last destroyed. Now the hypothesis which 
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assigns co-ordination as the function of the Cerebellum, 
expressly denies that organ to be the seat of motility, — 
that being assigned to the Spinal Chord. It is co-ordination 
alone, which the Cerebellum is said to effect ; and when the 
whole of that organ is removed, all co-ordination, at least 
of the extremities, is said to disappear. But this was 
assuredly not the case in the instance just quoted ; the whole 
of the Cerebellum was absent, and only a slight part of the 
co-ordinating power was affected. This persistence of the 
function in the absence of the organ is a demonstration of 
the error of Flourens. "Whatever were the causes which 
afi^ted the motility of the child, who was half an idiot, they 
also necessarily affected her power of co-ordinating her 
movements.* 

Two other cases are referred to by Brown-Sequard, 
wherein total destruction of the Cerebellum by disease was 
unaccompanied by paralysis, or any other trouble in the 
functions of animal life. '^I have ascertained," he says, 
further, " that it is by the irritation they produce on various 
parts of the basis of. the brain that the diseases of the Cere- 
bellum, or its extirpation in animals, cause the disorder of 
movements, which has been considered as depending upon 
the absence of a guiding power. In fact, the least irritation 
of several parts of the brain, with only the point of a 
needle, may generate very nearly the same disorder of 
movements that follows the extirpation of the Cerebellum." f 

Lookhart Clarke is also indisposed to acccept the current 
hypothesis. " That the Cerebellum," he says, " is in some 
way concerned in the regulation and co-ordination of mus- 

♦Dr.BoBiRT Willis, In the valuable notes to his translation of Wagnef^a 
PhyHabgy^ takes a similar view : «« The poor child was almost an idiot ; but as 
she spoko, and walked, and used her hands, it is obvious that the Cerebellum 
oonld have bad nothing to do with the highly complicated movements requisite 
in aU thMe aoU,** (p. 687.) 

t BR«WH-SftQTTA«i> : Lectures in Lancet, 27th August 1858. 
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cular movements, appears to follow from experiment iand 
pathological investigation; but I think there are many 
reasons for believing that the mode of action usually assigned 
to it is unsatis&ctory, and at variance with many estab- 
lished facts." * 

It is an interesting illustration of the powerful bias 
which may be given to the mind by a striking experiment, 
or a captivating formula, that a multitude of facts, which 
contradicted Flourens have either been disregarded, or have 
been only admitted as suggestive of doubts. But the 
reader will, I hope, now see that the hypothesis of the Cere- 
bellum being the organ of muscular co-ordination is not 
doubtful — it is utterly erroneous. 

IL The Cerebellum a Seat of Sensation and Voli- 
tion. — What, then, is the function of the Cerebellum? 
Unhappily no clear answer can be given to that question ; 
and mainly because the answer has not been sought in the 
right way. All I can attempt at present is to show that the 
Cerebellum must be a seat of Sensation and Volition, be- 
cause it is a great ganglionic centre, or group of centres, 
having the same tissues as those other cranial centres which 
every one admits to be endowed with Sensibility. 

It has been held by very eminent investigators, that the 
Cerebellum is the seat of Sensibility, f This is an exagge- 
ration ; but it suffices, even as an exaggeration, to show how 
many facts speak in favour of Sensibility in this organ. 
Mr. Solly has quoted the following passage from Foville, 
which bears upon the point : " The opinion advanced by 
some physiologists that the Cerebellum is the regulator of 
the voluntary movements, if we attentively consider the 

* LocKHART Clarkb : Phihsophical TVnnsactionSj 1863, p. 681. 
t Compare Lonobt, TVat^, li. 263, for authorities. He himself thinks that 
it participates in sensation, hut is positive that it is not the exeluaive seat. 
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reasoning on which it rests, seems to me to strengthen the 
idea which places the central seat of sensibility in the Cere- 
bellum. After having injured the structure of the Cere- 
bellum extensively, we have observed that animals preserved 
their power of moving their limbs, but had lost that of co- 
ordinating the movements of these in a manner convenient 
to station, progression, flight, dz^c. But when we mil to 
perform, and actually perform, certain movements, do we 
not distinctly feel that we execute them ? The man who, 
with his eyes shut, moves his hand or his arm, does he not 
also distinctly feel that he moves these parts as if he fol- 
lowed them with his eyes ? While the paralysed man who, 
with his eyes shut, is desired to move his paralysed limbs, 
may be very willing to do so, though incapable and perfectly 
aware of his incapability of obeying. If this be true, how 
can we expect that an animal deprived of the faculty of per- 
ceiving the sensation of the movements which it executes, 
should execute them in the ensemble with harmony, and in 
accordance with a proposed end ? How can we expect it to 
walk deliberately and to keep its equilibrium, if it does not 
feel the ground upon which it stands, if it is ignorant of the 
position in which its limbs are placed ? I remember con- 
versing with Sir Astley Cooper on this subject towards the 
end of 1830. Sir Astley cited to me the case of a man 
completely deprived of the feculty of sensation in one arm 
and hand, the muscular power of which was, however, pre- 
served. When this man was desired to take hold of and 
to lift any thing, he did so quite well ; but if, whilst holding 
the object, his attention was taken away from the hand, 
irregular contractions of the limb commenced, and very 
soon the object fell to the ground : as soon as the patient 
ceased to follow the contractions of his fingers with his eyes, 
nothing remained to inform him that he held the object, 
when, of course, it escaped from his grasp. This, and other 
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cases of a similar description, seem conclusive as to the fact 
of sensation being the true regulator of the muscular mo- 
tions : it is by means of sensations that we are aware of the 
mode or degree of action in our muscles, that we have the 
power of co-ordinating their contractions in a suitable man- 
ner, and of executing a succession of voluntary movements 
in harmony with one another." 

Indeed, there will be few physiologists now to dispute the 
position, that the facts which indicate the Cerebellum to have 
a considerable share in muscular co-ordination, also prove 
that it must have a share in Sensation, since without Sensa- 
tion no co-ordination is possible. What that share precisely 
is, we cannot say. It is dear that the Senses are not de- 
pendent on the Cerebellum ; for the girl in Combette's 
case was in perfect possession of Sight, Hearing, and Taste. 
It is equally clear that Pain has not its centre there. But 
nothing can be said very decisively as to the other sensa- 
tions.* 

Has the Cerebellum any share in the intellectual opera- 
tions ? Flourens and Bouillaud declare not ; but Longet 
properly remarks, that inasmuch as animals deprived of that 
organ survive but a little time, and generally in a state of 
great agitation, it is difficult to form an opinion as to the 
state of their intelligence. Nor can much reliance be placed 
on pathological cases. Very frequently no trouble what- 
ever of the intellectual faculties seems to accompany disease 
of the Cerebellum ; but inasmuch as disease of the Cere- 
brum is also frequently unaccompanied by disturbance of 
the intelligence, no conclusion can be founded on that. Dis- 
ease sometimes notably disturbs the intelligence; and in 
Combette's case the girl was nearly idiotic. 

* Dr. NoBLR, in his work, llie Human Mind in its Relations toith the Brain 
and Nervous Sfystenif p. 49 seq., advances the hypothesis that the ganglionic 
masses of the Oerebellnm named corpora dentata are the seat of tactile sen- 
sibility. 
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When, therefore, we consider the great similarities in 
structure and position between the Cerebrum and Cerebel- 
lum ; and when, further, we reflect that the Cerebellum in 
tlie various stages of the animal scale is always found to be 
developed in proportion to the intellectual development of 
Hie animal, being beyond all comparison greatest in man, 
and smallest in fishes, there is, it must be confessed, reason 
to suspect that the Cerebellum also participates in some 
degree in the production of mental phenomena. At the 
same time we must admit that there is no direct evidence 
on the point, either for or against it. 

in. Functions op the Medulla Oblongata. — Besides 
the Cerebrum and Cerebellum, there are other smaller 
ganglionic masses at the base, the most important of which 
are the corpora striata and optic thalami (Fig. 52, s, 4, p. 
109), and each of which must play some important part in 
the nervous mechanism. But what that part is, can in no 
case be stated with even an approach to certainty. The 
hypotheses are numerous and contradictory ; * but except 
the share which the corpora quadrigemina have in vision, 
there seems to be no solid ground of &ct yet ascertained. 
We will therefore pass over these ganglia, and direct atten- 
tion to the third important organ of the encephalo— the 
Medulla Oblongata, 

Although included among the parts of the Brain, or 
encephalon, because it is included within the cavity of the 
skull, and because its columns pass into both Cerebellum 
and Cerebrum, the Medulla Oblongata is really and truly 
the upper part of the Spinal Chord, and bears more resem- 
blance to the Spinal Chord than to any portion of the Brain. 

♦ The latest I have met with is that of Dr. Noblk, who regards the optio 
thalami and corpora striata as the seat of emotioiial sensibility.— 7%e Human 
Mind, ^.9^ 
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l^s, wUch 13 obvioDS on a HUperficial examination, becomes 
Btill clearer on a microacopio investigation ; and althougli 
the point is of little importance as a matter of naming, it 
'will presently be seen to have considerable importance when 
we come to the interpretation of fimctiona. In Figs. 53 
and 54 we see the Medulla in its connections with the Brain 
and Chord, 

Such is the external aspect. Bespecting the intern^ 



Fig. 6S. 



Fig. 64. 




structure little can here be said, since there is probaMy no 
anatomical question which can surpass it in complexity and 
obscurity. The student desirous of pursuing the subject 
will do well to prepare himself by studying the important 
works noticed below. f It irill suffice for our purpose if we 

■ The two lower bodies ere imperfbct]; dlitingnlHlied lo the engnTlitg, 
t Thetvowoika of Stilltko C [7t»cr die MtduOa, iMi, tsA UebtrdtnBau 
da Himknetent, 1846), form the ibtTehoiue whence BUCCeedlDg writers havB 
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can bear in mind that the Medulla is really a prolongation 
of the Spinal Chord, to which there are some additions both 
of grey and white matter.* It has ganglionic masses pecu- 
liar to it^ named the Olivary bodies (Fig. 53, «). It has also 
a great variety of commissural fibres, by means of which an 
immense variety of actions are co^)rdinated. Sensory nerves 
and motor nerves issue from it ; but these do not display 
the symmetry of arrangement noticed in the nervous pairs 
issuing from the Chord. It is also the ganglionic centre for 
the nerves of Hearing and Taste. 

If we now ask, what are the functions of this complex 
part of the Encephalon, we shall find that the ever-recurring 
question a& to whether the Brain is or is not the exclusive 
sensorium, may here receive considerable illustration. We 
shall also find that there was something more than a mere 
question of naming involved in the doubt to whether or not 
the Medulla belonged to the Brain. For observe, the Me- 
dulla is now almost unanimously declared to be a seat of 
sensation and volition. If, therefore, it be not included in 
the term Brain, there can be no longer any question as to 
the Brain being the exclusive sensorium ; and if the upper 
part of the Spinal Chord can be a seat of sensation and 
volition, there can be no valid argument against the evidence 
which proves that the rest of the Spinal Chord is also a 
sensorial seat. 

gratefolly drawn their chief materials, the only ooneiderable additions being 
due to SoHB<BDKB TAN DKR KoLK) Bau und Functionen der Medulla SpiTialia 
vnd Oblongata^; and Lookhabt Clabkb iPhUoaophical Tranaacttonsy 1868), 
■whose admirable researches have been duly appreciated by the few persons in 
Europe competent to estimate them. Li citing the last-named anatomist, lean* 
not here forbear acknowledging how much I owe to the readiness with which 
he initiated me into his method of making microscopic preparations. 

♦ " It is well known that in the spinal chord the columns of white and grey 
substance are parallel to each other, and preserve the same relative x>OBition 
throughout their entire course ; but in the Medulla Oblongata these parts not 
only assume a different arrangement, by becoming more or less blended with 
each other, and with new structures, but frequently pursue a curvilinear direo* 
tion in different planes, inclined at varying angles/'— Lookhart Clarkb. 
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Midler says : ^^ It is the seat of volition. The experi- 
ments of Flourens show that animals in which the cerebral 
hemispheres have been removed, though in a state of stupor, 
are still capable of executing voluntary movements ; they 
have still this power after the removal of the Cerebellum 
also." * I am not sure that I rightly understand this ; but 
we may suppose him to mean that the Medulla is a seat of 
volition ; that it is not the exclusive seat, will be evident 
when I narrate my own experiments, which show that ani- 
mals manifest volition after removal of the whole Brain, 
including the Medulla. Moller thus continues : — 

" Jt is the seat of the faculty of sensation. This is not 
merely shown by the anatomical fact that all the cerebral 
nerves, with the exception of the first and second (olfactory 
and optic), are connected with it, or with its prolongations 
into the Brain ; it is proved also by experiment." 

The reader is requested to pay particular attention to the 
passage just quoted, and to the assertion that the Medulla 
must be the seat of sensation, because nerves are connected 
with it. Schroeder van der Kolk, who also maintains that 
the Medulla and the ganglia at the base of the Cerebrum 
constitute the sole sensorium,f is more specific than Muller, 
for he says that the Medulla must be " the seat of Percep- 
tion, the spot where sensory impressions become sensations^"* 
because it is there (as he supposes) that the sensory nerve- 
fibres terminate in ganglionic cells. Now I ask, if the fact that 
nerves are connected with ganglionic centres is a proof that 
these centres must be the seat of sensation ; how can we 
deny that similar ganglionic centres lower down the Spinal 
Chord, which are similarly connected with sensory nerves, 
must also be the seat of sensation? And this question 
becomes still more pressing when we learn, as we shall 

♦ Muller : Physiology, 1. 828. 

t SoHROtDSB YAK DSR EoLK : Bou uftd FuncttoHCJit p. 88. 
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presently, that the same kind of experiments as those which 
indicate the Medulla Oblongata to be a seat of sensation, 
no less decisively indicate the Spinal Chord to be one. The 
only possible answer which occurs to me is this : The nerves 
which issue £rom the Medulla Oblongata, and the ganglia 
above it, are nerves of special sense — ^namely, the auditory, 
gustatory, olfactory, and optic ; each of these nerves, being 
in connection with a special apparatus, is capable of pro- 
ducing a different effect from that of all other nerves. It is 
only the nerves of special sense which can create sensation. 
Easy as it is to refute such an answer, I have thought it 
wortli while to adduce it, because Logic irresistibly forces 
us to conclude, that unless sensation be the product of a 
particular group of nerves and their ganglia, it must be the 
product of all nerves and their ganglia. Unless some reason 
can be shown why the apparatus of Sight, Smell, Taste, and 
Hearing, has the peculiar privilege of awakening sensation, 
the mere connection of a nerve with its ganglion must suffice 
for sensation. Now, that these special organs of sense have 
no such peculiar privilege is very evident, when we consider 
the &cts. Without here insisting on muscular sensations 
and visceral sensations, on the multitudinous forms of sensa- 
tion I have grouped under the head of Systemic conscious- 
ness, it is enough to refer to the sensations of Touch, 
Temperature, and Pain. No one will be hardy enough to 
deny that these are veritable sensations ; yet these are not 
capable of being produced at all by the nerves of Sight, 
Smell, or Hearing. They have no special apparatus. There 
is no tactile nerve and tactile ganglion : all the skin-nerves 
are nerves of touch, all produce sensations; and these 
sensations, there is ample evidence to believe, are produced 
when the whole ♦of the brain, including the Medulla, is re- 
moved.* 

* The attempt to explain away snch evidence, on the Beflez Theory, will be 
reftited by-and-by. 
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This view of the relation of nerves to centres, and the 
consequent extension of sensation to all parts of the cerebro- 
spinal axis, is not so entirely novel as it may at first appear. 
The only real novelty is in its anatomical precision. Sir 
Charles Bell, to cite only one example, had a strong though 
dim conviction that it was an error to limit sensation to the 
action of the special senses. " It appears to me," he says, 
" that the frame of the body, exclusive of the special organs 
of seeing, hearing, &c., is a complex organ, I shall not say 
of sense, but which ministers, like the external senses, to the 
mind; that is to say, as the organs of the five senses serve 
to furnish ideas of matter, the framework of the body con- 
tributes, in certain conditions, to develop various states of 
the mind." * Although this is very vague, and, because of 
its vagueness, has found little acceptance, we see that the 
phenomena had not escaped Bell's attention. As he pro- 
ceeds, he becomes still more vague ; and thinks that because 
a blow on the eye will produce the sensation of a flash of 
light, which proves that the organs of the senses can be 
exercised when there is no corresponding outward impres- 
sion, we can comprehend how other organs of the body may 
have a relation established with the mind without reference 
to outward impressions. As an anatomist, it behooved him 
to indicate by what kind of mechanism this relation was 
established. 1 have done so, by referring to the one mechan- 
ism which, in the case of the external senses, we know to 
be operative — ^namely, the connection of nerves with their 
ganglia : wherever a nerve excites a ganglion, there will be 
sensibility. The visceral-nerves excite their ganglia, the 
muscle-nerves excite their ganglia, the skin-nerves excite 
their ganglia, and the nerves of special sense excite their 
ganglia : the physiological process is in each case similar, 
although the sensations produced are necessarily various. 

* BiSLL : The Anatomy and Philosophy qf EspresHont 4th edit., d. 88. 
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Bell seemed to be very near the truth at one time, as may 
be gathered from the following passage : — '^ It is a singular 
&ct in the history of physiological opinions, that the heart, 
an organ the most susceptible of being excited by the agita- 
tions or derangements of the body, should have been con- 
sidered at one time as insensible. And yet in one sense it 
is true that it is so. To actual touch the heart is insensible, 
as was exhibited to the illustrious Harvey, in the person of 
a young nobleman, who had the heart exposed by disease. 
This single circumstance, had there been no other evidence, 
should have earlier directed physiologists to a correct view 
of the matter ; from its proving that the internal organs 
are affected and united hy sensibilities altogether different in 
kind from those bestowed upon the skin. The sensibility of 
the external sur&ce of the body is a special endowment 
adi^ted to the elements around, and calculated to protect 
the interior parts from injury. But though the heart has 
not this common sense of touch, yet it has an appropriate 
sensibility, by which it is held imited in the closest connec- 
tion and sympathy with the other vital organs." * Had 
Bell not shared the universal prejudice respecting the Brain 
as the exclusive seat of sensation, such considerations would 
have led him, I think, to the truth. 

In the course of our demonstration that every ganglionic 
centre must be a seat of Sensibility, we have found that the 
majority of physiologists now regard the Medulla Oblongata 
as a sensational centre ; and their reasons for regarding it, 
both anatomical and experimental, we have said, apply with 
equal force to the whole of the Spinal Chord, of which, 
indeed, the Medulla is but the upper part. Having elicited 
thisy we will now call attention to another interesting hypo- 
thesis, which has been advanced respecting the Medulla. 

* Bbll : Anatomy^ and Philosophy of Expression, p. 86. 
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IV. Is THERE A Vital Point 1 — ^It has been demonstrated 
that the Medulla Oblongata is the centre for the nerves of 
Respiration. The various actions involved in speech, in 
swallowing, sneezmg, &;c., are also co-ordinated here. It is 
because the actions concerned in Respiration have their 
centre here, that any other part of the spinal axis may be 
destroyed without destroying life ; but destruction of the 
Medulla in mammals has been known, since the time of 
Galen, to bring with it instantaneous destruction of life. 
This fact was lighted up with sudden interest when Flourens 
announced that he had discovered a particular spot, a mere 
point, the extirpation of which caused instant death. He 
called this the noeud vital, or vital point, because every 
other part of the organism might be removed without 
death. 

In that part of the grey substance of the Medulla called 
the " floor of the fourth ventricle," and, because it is shaped 
like a V, called the calamus scriptorius (nib of the pen,) 
there is a smaller v to be seen (Fig. 54, e, p. 122.) The 
point of this second v, not larger than a pin's head, is the 
" vital point," according to Flourens. When experiment 
had verified the assertion that death instantly followed the 
destruction of this point, physiologists quickly perceived 
that the explanation of the fact was not, that here life had its 
special centre, but that here was the special centre for the 
co-ordination of the breathing mechanism. Indeed, the fact 
that reptiles will live for months without their heads, sufficed 
to disprove this notion of a " vital point." 

Since this passage was originally written, I have learned 
that the very fact upon which Flourens rests his hypothesis, 
is not correctly conceived by him. SchifT and Brown-S^quard 
have both removed this " vital point " without destroying 
life — the animal continuing to breathe and live for five or 
six days. Their conclusion is, that when extirpation of the 
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point causes death, it is because of the irritation of the 
neighboring parts in the Medulla suddenly checking the 
action of the heart.* 

V. Influence of one Centre on anotheb. — ^The reader 
will perhaps have felt some surprise in learning that the 
irritation of a nerve-centre arrests, instead of* exciting, the 
action of the heart. The fact is indubitable, whatever may 
be the explanation. The heart, as we formerly learned, 
(voL i p. 270,) possesses its own independent ganglia, in 
virtue of which it continues pulsating long after death, and 
even after removal from the body. But if the pneumogas- 
trie nerves be galvanised, these nerves, although they send 
filaments to the heart, will not cause the heart to beat faster 
— ^they will arrest its beating. This was first shown in an 
experiment devised by Weber. He transmitted an electric 
current through the pneumc^astric, and the heart suddenly 
stopped; after allowing it to resume its beats till they 
reached the normal rapidity, he again stopped them by 
ttiother current, f 

That which is effected by the electric current, may be 
effected by irritation of the Medulla Oblongata. The gal- 
vanic stimulus acts in the same way as the stimulus of the 
nerve-centre. There is one point, however, to which especial 
attention should be called. Although the electric current 
arrested the beating of the heart, in the experiments just 
noticed, it would have quickened the pulsation had the cur- 
rent been slighter. The same phenomena will follow a 
powerful and a moderate excitement of the Medulla : the 
powerful excitement arresting, and the moderate accelerating, 

♦ SOHIPT : L^rbuch der Physiol. ^ 1. 323. Browk-SAquabd : Journal de la 
PAytiof., i. 217. et aeq, 

t This experiment has since been rei>eated in varioos ways. Bee Eokhard, 
BeUrdgt xur Anatomie und Phyaiologie^ p. 147. Lonobt failed when he tried 
Gie ecKperlment, owing to an inoorrcict application of the method. 

22* 
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the pulsations. Hence it is that sudden death may result 
from the " shock " of grief or of joy. Hence it is that a 
strong emotion makes the heart palpitate. Every one 
knows the effects of a burst of strong emotion : there is a 
momentary cessation of the pulse, followed by an agitation ; 
at first our " breath is taken away," and then we shout, or 
cry, or tremble. Some faint under a powerful shock : 
others die. 

While noticing this influence of the Medulla on the 
heart, we must not omit to mention the important fact that 
pain diminishes the heart's action. Indeed, pain will some- 
times cause death in this way. When patients die under an 
operation, it is seldom from the loss of blood ; it is from 
the effect of pain on the heart's action, combined with the 
previous weakening effect of the hemorrhage. This has 
been proved by experiment. On the other hand, Wilson 
Philip found that when a rabbit had been stunned by a blow 
on the head, its Medulla might be destroyed without an 
arrest of the heart ensuing.* Claude Bernard also found 
that if rabbits were rendered insensible by etherisation, 
their Medulla could be destroyed without destroying life ; 
whereas, if the Medulla be even irritated without previous 
etherisation, death inevitably ensues from cessation of the 
heart's action, f The immense importance of chloroform, 
and other anaesthetic agents, in severe operations, is thus 
made physiologically apparent. 

It is a consequence of the wonderful complexity of our 
organism, in which each part plays on another, that remote 
and unsuspected influences produce important results. Men. 
tal agitation will suddenly arrest or increase the secretions ; 
imperfect, or too abundant, secretion will depress, or con- 

♦ Wilson Philip : Experimental Inquiry into the Laws qf the Vital runo- 
tionst 1817, p. 72. 

t Claudb Bernard : Syatime Nerveux^ i. 884. 
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fuse the mind* Au idea will agitate the heart, and disturb 
the liver ; a languid liver will disturb the serenity of the 
mind ; a worm in the intestine will produce melancholy, 
and even madness. — So indissolubly is our mental life 
bound up with our bodily life. 

VL Summary of the Functions of the Brain. — ^We 
have now gone over, one by one, the cardinal facts which 
have been ascertained respecting the functions of the vari- 
ous parts of the Brain ; and these are the chief results to 
which the inquiry has led : — 

1. All the ganglionic masses have one property in com- 
mon, which is Sensibility ; and they differ only in their 
functional manifestation of this property, according to their 
connections with different organs. 

2. The Cerebral hemispheres have the functions of In- 
telligence and Emotion. Probably also some other func- 
tions. 

3. The Cerebellum has functions which remain at pres- 
ent undetermined. 

4. The Medulla Oblongata has the functions of minister- 
ing to the respiratory and many other reflex actions. The 
special senses. Hearing and Taste, have their centres in this 
organ ; as Sight and Smell have their centres in the corpora 
quadrigemina and olfactory lobes.* 

5. Inasmuch as all these centres have Sensibility, they 
must all be organs of the Mind, because they must all 
minister to the general Consciousness. 

6. The &cts and arguments which establish the conclu- 
sion that the Mind cannot be localised in any one part of the 
Brain, such as the Cerebrum, Cerebellum, the ganglia at the 
base, or the Medulla Oblongata, but that each of these parts 

* Tbere are grave donbta reapeotlng the olfactory lobes, which will be dis- 
ooMed in the next chapter (Ova Skrsbs and Sbbsatiobs), bnt for the preaent 
we may foUow the doctrine of the schools. 
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has its own special functions, and contributes its own special 
forms of consciousness, lead to the suspicion that other 
parts of the nervous system may also contribute other 
special forms of consciousness. 

It is this suspicion we shall examine minutely in the en- 
suing section. 



CHAPTER IX. 

{Continued.) 
THE MIND AND THE BRAIN. 

SECTION ni. THE SPINAL CHORD AND ITS FUNCTIONS. 



Btmctore of the Spinal Chord— Imperfection of our microscopical knowledge— 
Difference between an organism and a mechanism : the organic mechanism 
is vital and sensitive— Theory of Reflex- Action : Marshall Hall, M&Iler, and 
Prochaska— Error of ezclnding sensation— Grainger's advocacy of the tbe* 
ory — Schroeder's reflex-fibres — Sensation without the brain : experiments on 
insects— Marshall Hall's experiments— Spontaneous motion in headless ani- 
mals— Beflex-action in the Brain— Hydrophobia— Voluntary and involun- 
tary actions— What is volitional control ?— Volition dependent on sensation 
— Growth of a volition— Control over our thoughts— Involuntary actions 
becoming voluntary — Spinal Chord a sensational centre : views of earlier 
writers; the deductive evidence; the inductive evidence — Evidences of 
siK>ntaneity and choice in decapitated animals— Two centres of sensibility 
established in one animal— Are walking and swimming reflex-actions?— 
Experiments on puppies and rabbits— Examination of the evidence against 
the sensibility of the chord— What share has the Spinal Chord in our 
•ctionst 

I. Structure of the Spinal Chord. — Formerly the 
Spinal Chord (or Spinal Marrow, as it is still sometimes 
called) was held to be a large nerve-trunk issuing from the 
brain, and giving off numerous branches which supplied the 
body. Although this idea is now completely abandoned, 
and the Chord is known to be a great centre, or series of 
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c^itres, intimately connected, as the several vertebrsd are 
connected into one spinal column, yet men still cling uncon- 
sciously to some of the old conceptions, and are disposed to 
regard the Chord as a conductor^ rather than as a centre of 
Sensibility. It is this conception we must irrevocably dis- 
miss from our minds.* If the Chord seems to act some- 
times as a conductor only, it is merely because nerve-centres 
once excited play upon each other ; and in this sense the 
brain is also a conductor. Every segment of the Spinal 
Chord may act separately as an independent centre ; every 
segment is a little brain. 

The Chord commences at that imaginary line where the 
Medulla Oblongata is supposed to end. It terminates in 
man about the second lumbar vertebra ; in most animals it 
extends along the whole length of the spinal column ; but 
there are great varieties in this respect. It is composed of 
six external columns of white fibrous matter — ^namely, two 
anterior, two posterior, and two lateral ; and of four internal 
columns of grey, ganglionic matter, called respectively the 
two anterior and the two posterior, horns (^cornua). A 
minute canal runs through the centre, which may be regard- 
ed as a prolongation of the fourth ventricle of the brain. 

Fig. 55 represents the anterior and posterior aspects of 
the chord with the double origin of its nerves. 

As we are not here called upon to understand the whole 
anatomy of this organ, further details would be superfluous. 
The student will find ample information in the works named 
below, f 

* It seems to me that the recent experiments of Bohiff, Browm-S£quasd, 
and others, which have excited so mnch discassion, and which attempt to deter- 
mine the condnctibility of different parts of the chord, are all vitiated hy this 
initial mistake. 

t Rolando : Ricerche anatomicfie auUa struttura del MidoUo SpiruUe. 
Obaingbb : Obseroationa on the Structure and Functions of the Spinal Chord. 
Todd and Bowman's Phi/aiologiccU Anatomy. Todd : Anat. of the Brain, 
Spinal Chordj and Ganglions, Lbubbt et Gratiolbt : Anat. ComparSe du 
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Of late years there has been an immense espendtture of 
labour in the attempt to unravel the microscopic structure 
of the Spinal Chord ; but so exceeaively difGcult ia this task, 
tJiat one ma^ fear it will be a long while before Physiology 




will be in a- condition to base safe conclusions on the results 
ascert^ned. This remark is eape^ially addressed to stu- 
dents, aa a warning against their being mbled by the confi- 
dent and plausible statements and deductions to be met with 
in modem works. I have been led to pay great attention 
to this subject ; and have not only made a vast quantity of 
preparations of the chord of man, oxen, sheep, pigs (adult 
and newly bom), cats, kittens, puppies, moles, rata, lizards, 
frogs, and fishes, many of which have been prepared accord- 

.1 ; Nirvalogie. Qnus'a 



Anattm^, tdlud by Bhiuit iikd Bllib. 
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ing to the Tnrious methods employed by Stilling, Kolliker, 
Schroeder van der Kolk, Gratiolet, and Lockhart Clarke, so 
as to tettt the various statements of these authorities ; but I 
have also bad the advantage of aetaxtg some of the best Bag- 
lish and German preparations : the result of all this has 
been the conviction, that whoever propounds an hypothesis 
on tbe basis of the facts hitherto ascertained, is in danger of 
building on a sandbank.* 

A transverse section of the Chord, if sufiiciently thin, 
and rendered properly transparent by any of the accepted 
modes of preparation, presents the appearance indicat«d in 
Figs. 56, 57, 58. 

Fig. W. 
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from Kdlliker, and represents one-half of a eectiou made in 
the lumbar enlargement of a child's chord. 

Having made ourselves acquainted with these aspects of 
the internal structure, we may look a little closer at the 
groups of largo ganglionic cells to be found in the anterior 
horns of grey matter. Hiey vary considerably in shape 
and size. A general idea may be gdned from Fig. 60. 




NanTi-CiLLS ritOH Briati. Chdid.— (After Qntiolet) 



These ganglionic cells are identical with those found in 
the brain ; but because they are lai^er than the majority of 
those found in the posterior hom, they have been supposed 
to be motor-cells, by a logical process not very admirable, 
as it seems to me. He anterior roots of the nerves arc, aa 
you know, held to be motor only ; the posterior roots sen- 
sory. We have already seen that this is a misconception ; 
but even on the supposition that it is correct, we shall need 
some other evidence for believing that the anterior horn of 
grey matter is therefore motor. The notion seems to me 
entirely baseless. Still less can I accept the notion of Jacu- 
bowitch that the largest cells are motor, those of the second 
size sensory, and the smallest sympathetic. What may be 
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seen, or imagined, in preparations which are imperfectly 
transparent, must yield to what is seen in preparations 
made on a better method,* and so transparent that one may 
read such characters as in a well-printed book. In such sec- 
tions I affirm, that so &r from there being any necessary 
connection between large cells and the motor function, there 
is no constancy whatever as to size. In the ganglia of two 
indubitable motor-nerves — the spinal accessory and the 
hypoglossus — ^the size varies greatly. In the posterior horn 
there are not only large cellsf (less abundant, indeed, than 
in the anterior), but the largest cell I have ever seen, was 
one with seven processes in the posterior horn of an ox. 
And while there are large cells in the posterior, there are 
abundance of small cells in the anterior horn. Indeed, the 
idea of properties so widely separated, as Sensibility and 
Motility, being dependent on slight differences in the size of 
identical cells, is eminently unphilosophical. 

But we must pause no longer on this microscopic struc- 
ture ;J we have ascertained that the spinal chord is a series 

* See note at the condosion of this chapter. 

t BiDDKB and Kuppfbb deny the existence of these cells in the posterior 
horn. The eame denial is made hy Ows jan nikow : De Medulla spinalis testura^ 
p. 87 ; and hy Mbtzlbb : De Medull(B spinalis avium textura^ p. SO, who de* 
Clares that "what have heen mistaken for nerve-cells are nothing hut laconso in 
the weh of connective tisane. In Locke abt Clarke's preparations, and in my 
own, the cells are nnmistakable, and their well-defined nucleus prevents any 
poflsihility of doabt. From this one statement it is certain that the preparations 
of the Dorpat School mnst be very inferior in distinctness to onrs *, yet these 
writers profess to see, and they give drawings of, appearances which can by no 
means be made out in onr preparations ; whence it is easy to conclude that they 
deaorfbe what they imi^^e to be the real structure, not what can positively be 
seen. 

X The student is referred to Biddbb und Ktjppfbr : Untersttchungen Hber 
dU TVjrfur des R&ckenmarkSy and Kollikbr's reply in the Zeitschrift fur Wis- 
9en$ehqfttiche ZooiogiBf ix. 1 ; also Eolliker : Geu:ebelehre, 8d edit. ; Letdig : 
Sistologie ; Lookhabt Clarkb : Philos. Transactions^ 1851 and 1853 ; Lbn- 
H08SBK : Armales des Sc. Nat., 1867, vil. ; Lburet et Gratiolet : Anat. Comp., 
IL ; BOBBIXBBB TAH DBB EoLK : Bauund Punctionen der Med. Spinalis und Med. 
Otkmgaias Owsjasnikow : Dt Med, spin, testura; Mbtzlbb • De Med. spin. 
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of centres, having ganglionic substance in its interior, which 
is in connection with the roots of the motor and sensory 
nerves. In a word, it has the essential characters of a series 
of ganglia ; and minute investigation discloses that these 
ganglia are essentially similar to those of the Brain. We 
shall never understand the functions of the nervous system 
unless we fix firmly in our minds the conception of the cere- 
bro-spinal axis as one whole, the functions of the various 
parts differing from each other, only as they are differently 
related to the rest of the organism. Bergmann and Leuc- 
kart do not hesitate to define the " brain as the anterior en- 
largement of the spinal chord ; " and this definition, they re- 
mark, makes it less paradoxical to find the brain so slightly 
developed in the lower vertebrate animals, and not existing 
at all in the Amphioxus.* In the invertebrate animals, there 
can be no shadow of doubt that the ganglia which represent 
the brain of higher animals are absolutely, and in all re- 
spects, identical with the other ganglia, which represent the 
spinal chord. 

But our attention is now demanded by the important 
questions raised respecting the functions of the Spinal Chord, 
llie chief of these functions (by most writers regarded as 
the sole function) is the production of movements in the 
trunk and limbs. These movements may either be pro- 
duced in obedience to the mandates of the Brain — as in vol- 
untary motions ; or independently of the Brain — as in in- 
voluntary motions, which take place by what is called the 
Eefiex- Action of the chord. 

II. Thb Vital Mkchanism. — ^What is meant by Reflex- 
Action, and what is the Reflex-Theory, so continually in- 

avium textura. Stillino's last work I have not Been ; but it is said to be the 
moflt encyolopsBdio treatise yet produced. 

* Bkrgmann und Lbuokart Vergleichende Anatomies p. 515. Compare aloe 
Todd : Anat, qf Brain and Spinal Chords pp. 2, 77. 
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Yoked by modem writers ? Several times already we have 
been forced to use these terms ; * and now we have reached 
a stage in our inquiry when a distinct understanding of them 
becomes indispensable. But inasmuch as the Reflex-Theory 
implies the conception of the animal organism being to a 
great extent a mechanism; and further, inasmuch as our 
ordinary conception of a mechanism carries with it the idea 
of actions performed unconsciously, without sensation ; it 
is absolutely necessary that we should accurately determine 
the sense in which we are to use, and understand, such a 
phrase as " the vital mechanism." 

The results of scientific investigation during many cen- 
turies have been gradually, and of late, rapidly, tending to 
the conclusion that the animal organism is constructed on 
principles analogous to those which determine the construc- 
tion of a mechanism. It acts like a mechanism ; and differs 
from one, only in the greater complication of its parts and 
its efiects. On the other hand, many persons feel a very 
natural repugnance to such a conception. Life seems to 
them the antithesis to mechanical action ; the very notion 
of a mechanism is not that of life, but of a simulacrum of 
life. Without life, the organism is without action. We 
cannot imagine the watch performing its actions prompted 
by any sensation; we cannot imagine the organism per- 
forming its actions without life. This is the source of 
the repugnance, often felt, against conceiving the organism 
as a mechanism ; but this repugnance will subside, if we 
reflect on the wonderful adjustment of part to part, in 
a complicated whole, and compare it with the somewhat 
similar adjustments of a mechanism ; bearing in mind that 
this similarity is not sameness, and that the organism, 
although a mechanism, is a vital mechanism, this vitality 
being the source of profound differences. Some theorists 

* See the explanation given at pp. 65-57. 
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have overlooked the important element of vitality; and 
have imagined that a vital, sensitive- machine, can act like 
an ordinary piece of medumiam, which is not sensitive; 
but this error should not force us to give up a very useful 
analogy. We may still ding to the fact that the adjustments 
of the complex organism determine its activities : the mus- 
cles set moving by a peculiar stimulus, are as necessarily 
determined by their organic adjustments, as the wheels of a 
watch are set moving in a particular way, and are deter- 
mined in their particular action by the peculiarity of iheir 
adjustments. When a stimulus to the respiratory nerves 
brings into play the group of musdes which expand the 
chest, and these, in turn, bring into play the group which 
contracts the chest — when the stimulus of food to the nerves 
of the alimentary canal determines the actions of the digestive 
medianism, muscular and secretory — ^when the stimiilus of 
pam sets going the actions of flight, struggle, or shrieking, 
— we have a series of actions which are mechanical inasmuch 
as they depend on the adjustment of parts, like the adjust- 
ment of cogged wheels ; and are vital^ inasmuch as they de- 
pend on vitality for their performance. With this qualifica- 
tion, the idea of a mechanical construction becomes impor- 
tant. We perceive how the various actions of an animal 
are dependent on the adjustment of its organs. Once set 
this mechanism going, and it can only act in the determinate 
direction permitted to its peculiar adjustments ; and in so 
&r it acts like a watch, or a steam-engine. The organism 
of the chick is so adjusted that it can peck up the grains ; 
and it does so immediately the stimulus given to its sensa- 
tional centre, through the optic apparatus, sets going the 
first of the necessary movements. It will do this as soon as 
it leaves the shell, or even before it leaves the shell. In 
like manner the Snapping Turtle, according to Agassiz, snaps 
as fiercely when it is still a colourless and undeveloped 
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embrjOy wrapped up in the fcetal membranes, as it does in 
after-life. This surprises us at first, because we are accus* 
tomed to attribute such actions to ^' a conscious and volun- 
tary " effort. On getting over our surprise, and learning to 
regard these actions not as prompted b j any distmct ideas, 
but simply as the results of an organism peculiarly con- 
structed to act in this way — ^what we have to guard against 
is the error of those who, fixing their attention on the 
meehanical cuijiistmenty overlook the fact of the sensational 
guidance. It is true that the animal mechanism, when set 
going, acts like the mechanism of a watch ; but to set it 
going, and to keq^ it going, there is needed the constant 
pires^iee of sensation. This has been frequently forgotten 
and even denied. The mechanism has been credited with 
the whole phenomenon. That sensation is a necessary part 
of the mechanism — ^the mainspring of the watch — the fuel 
of the steam-engine — seems, singularly enough, to have been 
overlooked. The marvellous way in which the sensational 
element is bound up with the mechanical element, so that 
our very sensations may be said to be organised in us, is 
illustrated in a thousand examples of what are called '^ auto- 
matic actions." A piece of music with which we are 
fioniliar, may be performed ^' mechanically," without any 
**eflfort" or "attention;" indeed, while we are talking to 
some one, or thinking of something else. This we are said 
to do ^unconsciously;" and if Consciousness be restricted 
to Thought-Consciousness, there is no objection to calling 
these automatic actions unconscious ; but there is every ob- 
jection to calling them actions independent of sensation. 
The sensation excited by each note, and determining each 
movement of the muscles, are indispensable to the perform- 
ance of music ; the presence of guiding sensations suffices ; 
but without this presence, the action is impossible. Al- 
though the mechanism of the fowl, whose cerebrum has been 
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removed, is uninjured except as regards one of its sens» 
tional centres, this mechanism will not suffice to keep the 
bird from starvation amidst heaps of grain ; because to set 
going the necessary train of actions which would result in 
pecking, there is needed the stimulus from the cerebral cen- 
tre. If the grains be placed within the beak of this bird, 
they will not be swallowed, unless they roll near the sensi- 
tive part of the throat, and then, the stimulus of the sensa- 
tion being ^ven, the swallowing actions are set going, and 
on these follow the digestive actions. The theorists whom I 
have chiefly in view at present, deny that swallowing de- 
pends upon sensation — ^they call it simple reflex-action ; an 
opinion which we shall presently examine. Enough in this 
place, if we have made clear to ourselves the following posi- 
tions : — 

An organism is a mechanism, and acts mechanically, in- 
asmuch as its actions are necessarily determined by the ad- 
justment of its organs. But the organism differs from the 
mechanism in being vital, in having Sensibility as its main- 
spring ; and its actions, which are called mechanical or auto- 
matic, are all determined by the impulse of guiding sensa- 
tions. It further differs from a mechanism in its develop- 
ment of new adjustments and new capabilities. No machine 
has any self-development. What its parts could perform 
last week, they perform this week, and no more. But the 
organism develops. New adjustments are formed, so that a 
combination of actions, which to-day is impossible, will be- 
come easy, perhaps, at the end of a month. I do not, how- 
ever, conceive it to be rational to suppose that a group of 
muscles which originally required the stimulus of a nerve- 
centre, as a guiding sensation, to move them, will at any 
time move without that stimulus ; although it is very con- 
ceivable that the secondary sensations which the movement^ 
when they were difficult, necessarily excited, shoidd frequent 
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ly be absent, now the movements are so easy that they 
claim no attention. I can conceive the possibility of having 
a sensation without thinking of it, and I can conceive auto- 
matic actions to be determined by guiding sensations, 
although the mind may not be " conscious " of them. 

in. The Theory of Reflex-Action. — ^The muscular 
movements have from time immemorial been grouped under 
two heads : the voluntary, and involuntary. We shall have 
to consider the nature of this distinction presently, but must 
now inquire into that principle of Reflex-Action which, I 
conceive, underlies all the nervous phenomena, but which 
Marshall Hall conceived was characteristic of only a particu- 
lar class. There were, he thought, four distinct classes : the 
voluntary^ dependent on the brain ; the involuntary, depend- 
ent on the irritability of the muscular fibre ; the respiratory, 
wherein " the motive influence passes in a direct line from 
one point of the nervous system to certain muscles ; " and 
the reflex, dependent on the " true spinal system " of inci- 
dent-excitor nerves, and of reflex-motor nerves. These last- 
named actions are produced when an impression on the sen- 
sitive surface is conveyed, by an excitor-nerve, to the spinal 
chord, and is there reflected back on the muscles by a corre- 
sponding motor-nerve. In this process no sensation whatever 
occurs. The action is purely reflex, purely excito-motor — 
like the action of an ordinary mechanism.* 

Moller, who shares with Marshall Hall the glory of 
having established this classification, thinks that although 
the absence of sensation is a characteristic of the reflex- 
actions, these actions may be, and are at times, accompanied 
by sensation. " The view I take of the matter is the follow- 

♦ Habshall Hall in PhUoa. Trans. ^ 1833. Lectures on the Nervous System 
and iia JHteaMeSt 1886. jVeio Memoir on the Nervous System^ 1843. 

23 
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ing : Irritation of sensitive fibres of a spinal nerve ezdtes 
primarily a centripetal action of the nervous principle, con- 
veying the impression to the spinal chord ; if the centripetal 
action can then be continued to the sensorium commune, a 
true sensation is the result ; if, on account of division of the 
chord, it cannot be communicated to the sensorium, it still 
exerts its whole influence upon the chord ; in both cases a 
reflex motor-action may be the result." * 

This is, in brief, the Reflex-Theory, which Marshall Hall 
and Miiller have succeeded in making an European doctrine. 
There has been much discussion, often exploding on both 
sides into anger and injustice, respecting Marshall Hall's 
claims to originality. He has been accused of plagiarism 
from Prochaska ; but I think that whoever attentively traces 
the history of the doctrine, will find that although Prochaska 
undoubtedly described the reflex-actions, and called them 
reflex, long prior to Marshall Hall — and, as it seems to me, 
conceived the whole phenomenon with far greater accuracy 
than was ever attained either by Marshall Hall or by Miil- 
ler — yet it is very probable that Marshall Hall was unac- 
quainted with his predecessor, who had long been dead, and 
whose theory had excited no attention ; and it is certain 
that the theory propounded by Marshall Hall was not that 
propounded by Prochaska, but differed in essential points 
from it. This, however, is what neither Hall nor his adver- 
saries seem to have known. So entirely had Prochaska's 
theory escaped attention, that even Miiller, in announcing 
Hall's theory, and giving him the credit of priority over his 
own nearly contemporaneous discovery, never once alludes to 
Prochaska ; and Arnold, in the historical sketch in which he 
enumerates those who before Hall had knowledge of the 
facts of reflex-action, is evidently unaware of Prochaska's 

* MuLLBR : Phyaiologyi \. 271. 
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claims.* When, therefore, Hall and MilUer took up this 
subject, it was new to the scientific world ; they succeeded 
in making the world accept their theory. 

The one fundamental point in this theory, which seems 
to me wholly inadmissible, is the supposition that the reflex- 
mechanism is independent of Sensibility — ^that reflex-actions 
take place without sensation. And, unless I have wholly 
misunderstood Prochaska's general views, this is the point 
whidb he also would have considered erroneous. The reader 
may be glad to have Prochaska's exposition of the reflex-- 
actions. We must premise that he always means to indi- 
cate the whole of the Spinal Chord, Medulla Oblongata, 
Optic Thalami, and the crura Cerehelli et Cerebri, when he 
speaks of the sensorium commune : " The reflexion of sen- 
sorial into motor impressions which takes place in the sen- 
sorium commune, is not performed according to mere phys- 
ical laws, where the angle of reflexion is equal to the angle 
of incidence, and where the reaction is equal to the action ; 
but that reflexion follows according to certain laws, writ, as it 
were, by Nature on the medullary pulp of the sensorium, 
which laws we are able to know from their effects only, and 
in nowise to find out by our reason. The general law, 
however, by which the sensorium commune reflects sen- 
sorial into motor impressions, is ihe preservation of the 
individual ; so that certain motor impressions follow certain 
external impressions calculated to injure our body, and give 
rise to movements having this object, namely, that the an- 
noying cause be averted and removed from our body ; and 
vice versd internal, or motor impressions follow external or 
sensorial impressions beneficial to us, giving rise to motions 
tending to the end that the agreeable condition shall be 
maintained. 

"Very many instances which might be adduced, un- 

♦ J. W. Arhold ; Die Lehre von der R^x Function^ 1842. 
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doubtedly prove this general law of the reflexions of the 
sensorial commune, of which it may be sufficient to mention 
a few. Irritation being made on the internal membrane of 
the nostrils excites sneezing, because the impression made 
on the olfactory nerves by the irritation is conducted along 
them to the sensorium commune, there by a definite law is 
reflected upon motor nerves going to muscles employed in 
respiration, and through these produces a strong expiration 
through the nostrils, whereby the air passing with force, the 
cause of irritation is removed and rejected. In like man- 
ner it happens that when iiTitation is caused in the windpipe 
by the descent of a particle of food or a drop of fluid, the 
irritation excited is conducted to the sensorium commune, 
and there reflected on the nerves devoted to the movement 
of respiration, so that a violent cough is excited ; a most 
suitable means for expelling the cause of the irritation, 
which does not cease till the irritant be rejected. If a friend 
brings his finger near to our eye, although we may be per- 
suaded that no injury is about to be done to us, nevertheless 
the impression carried along the optic nerve to the sensorium 
commune, is there so reflected upon the nerves devoted to 
the motion of the eyelids, that the eyelids are involuntarily 
closed, and prevent the offensive contact of the finger with 
the eye. These and innumerable other examples which might 
be brought forward, manifestly show how much the reflexion 
of sensorial impressions into motorial, effected through the 
sensorial commune, has reference to maintaining the conser- 
vation of the body. 

"Since the principal function of the sensorium commune 
thus consists in the reflexion of sensorial impressions into 
motor, it is to be noted that this reflexion may take place 
either with consciousness or without consciousness." 

We must interrupt the quotation here, to remark, that 
when Prochaska says reflexions may take place with or 
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without consciousness, or, to use his own phrase, vel animd 
inscid, vel verb animd cotiscid — he means " with, or without, 
j?%ow^A^<5onsciousness," and not, as so often misinterpreted, 
with, or without, sensation.^'* This distinction entirely accords 
with the view I hold, but is different from that generally held. 
" The movements of the heart, stomach, and intestines," 
he continues, " are certainly in nowise dependent on the 
consciousness of the soul, for whilst no muscular movement 
can be excited unless a stimulus applied to the sensorial 
nerves passes by a peculiar reflexion to the motor nerves, 
and excites contractions of the muscle, it is at the same time 
certain that the reflexion of the impressions suitable for ex- 
citing those movements, if it takes place in the sensorium 
commune, is effected without consciousness [Thought-con- 
sciousness]. But it is a question whether these impressions, 
in order that they may be reflected, do really travel so far 
as the sensorium commune, or, without taking this long cir- 
cuit, are reflected nearer in the ganglia from whence these 
parts derive many nerves 1 This matter is to be considered 
afterwards. But that reflexions of sensorial impressions 
into motor are effected in the sensorium commune itself, 
while the mind is altogether unconscious, is shown by cer- 
tain acts remaining in apoplectics deprived entirely of con- 
sciousness ; for they have a very strong pulse, breathe 
strongly, and also raise the hand, and very often apply it 
unconsciously to the part affected. The sensorium com- 
mune also acts independently of consciousness in producing 
the convulsive movements of epileptics, and also those 
which are sometimes observed in persons buried in profound 
sleep, namely, the retractions of pricked or irritated limbs, 
to say nothing of the motion of the heart and the respiratory 
acts. To this category also belong all those motions which 
remain some time in the body of a decapitated man, or 
other animal, and are excited when the trunk, and particu- 
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larly the medulla spinalis, are irritated, which motions cer- 
tainly take place without consciousness, and are regulated 
by the remaining portion of the sensorium commune exist- 
ing in the medulla spinalis." * 

It is clear, from this passage, that Prochaska, in explain- 
ing the actions which take place " without consciousness," 
did not mean that they took place without sensation; he 
meant that they were neither determined by, nor followed 
by, thought He uses the word Consciousness as equivalent 
to Thinking ; and this is a very general use of the term, 
nowadays, as we find in writers who declare that we cannot 
have sensations unless we know that we have them. In 
strict physiological language, this is tantamount to saying 
that we cannot have spinal Sensibility unless we have at 
the same time cerebral Sensibility — that the spinal chord 
cannot act independently of the Brain ; whereas we know 
that it can, and does, act independently of the Brain ; and it 
is to distinguish such actions that the term " reflex " has 
been invented. To suppose, as is commonly supposed, that 
the Cerebrum endows the spinal chord with sensibility — ^that 
an impression only becomes a sensation when it reaches the 
Brain — is to suppose what the whole course of modem inves- 
tigation tends to refute, namely, that the spinal chord is 
simply a conductor, and not itself a centre ; and it is also to 
suppose that the Brain is essentially/ different from the 
Chord. Prochaska seems to have understood that the sen- 
sorium must first be called into activity before a motion 
can be produced ; the sensations excited in this sensorium 
are quite independent of any thought which they may, or 
may not, excite in the Brain. 

It is here that Marshall Hall diverges from Prochaska, 

* Unzeb and Prochaska On the Nervous System, Translated by Dr. Lat- 
COOK, pp. 430-2. The original may be seen in Pboobaska : Opera Minora^ para 
tl.^oap. 2. 
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and, as I think, it is here his error begins. Yet, in common 
with his antagonists, he imagined Prochaska held reflex- 
action to be wholly divorced from sensation. His distin- 
guished ally, Mr Grainger, whose work * is far more philo- 
sophical than anything Marshall Hall ever wrote, also 
insists on this absence of sensation as the distinguishing 
peculiarity of reflex-action. 

Mr Grainger seems fully impressed with the philosophi- 
cal canon to which we have constantly referred, that similar- 
ity of structure necessarily implies similarity of properties ; 
but instead of concluding that the brain and spinal chord, 
being similar in structure, must have sensibility in common, 
he assumes a diversity of structure to correspond with an 
assumed diversity of fimction. The Reflex-Theory, he truly 
remarks, wants an anatomical basis : '' unless a set of nerves 
distinct from those of sensation and volition be capable of 
demonstration, it is impossible to establish the correctness 
of what, without such evidence, is merely an hypothesis." 
Accordingly he set himself the delicate task of demonstrat- 
ing this distinct class of nerves. Sharing the prejudices of 
that day against the use of the microscope, and refusing to 
use a lens for fear of deception, his task became impossible. 
In the twenty years which have since elapsed, men have 
learnt to use the microscope with more security, and in 
the last ten years they have learned how to make prepara- 
tions, which, if they have not taught us the whole structure 
of the spinal chord, must in the course of time lead to accu- 
rate knoivledge. Anatomists have long rejected the sup- 
posed system of excito-motory fibres. 

[While these sheets are passing through the press, I find 
Schroeder van der Kolk, whose statements, as I have before 
hinted, are to be received with extreme caution, describes a 
system of reflex-fibres, with a confidence rather surprising 

* Obaihobb : Obeervationa on the Structure and Functions of the Spinal 
C!l0f^l887. 
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when we scrutinise his evidence. He maintains tliat each 
posterior root, on entering the white columns of the chord, 
divides into two bundles ; the one bundle, containing purely 
sensory-fibres, nms straight up to the brain ; the other 
bundle, containing purely reflex-fibres, runs into the grey 
matter of the chord, where the fibres terminate in the gan- 
glionic cells. It is, he says, because the posterior root con- 
tains these two kinds of fibres, that it is larger than the 
corresponding anterior root. On this I have to remark, 
first, that the facts on which this hypothesis is based are ex- 
cessively questionable ; secondly, that the supposed confir- 
mation drawn from the larger size of the posterior root is 
worthless, inasmuch as the fact is only true with regard to 
some animals — in the frog, for instance, the posterior root 
is smaller than the anterior ; and finally, that if the anatom- 
ical facts were as he states them, his conclusion would not 
be less rash and hypothetical. For let us grant that one 
fibre enters the grey substance of th* chord, and there ter- 
minates in a ganglionic cell, whereas another fibre runs up 
to the Medulla Oblongata, and there terminates in a gangli- 
onic cell (which is the real statement of his position, stripped 
of equivocal language), what difference, of an essential kind, 
is here established, such as could justify the distinction of 
sensory and reflex-fibres ?] 

The anatomical basis for the Reflex-Theory is still to 
seek. Indeed, wxre a distinct set of nerves to be discovered, 
they must be in connection with nerve-centres; and inas- 
much as the reaction of a nerve-centre is Sensibility — inas- 
much as all nerve-centres must have the same property^ in 
spite of any difference in their functions^ — it is clear that 
the reflex-fibres would excite Sensibility, if they excited the 
centre.* Let us, however, see what physiological observa- 
tions can be adduced in favor of the reflex-Theory. 

* A friendly oritio objects : " How, in this case, do you explain one nervo- 
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" We have lastly to inquire," says Muller, " how far 
true sensation is engaged in the production of reflex motions. 
Volkmann inclines to the opinion of Why tt, that the motions 
consequent on impressions are the result of sensations con- 
veyed to the sensorium, giving rise to spontaneous reactions. 
That this is in many instances the case, appears to me in- 
dubitable, particularly with those reflex phenomena which 
occur in an unimpaired state of the brain and spinal chord. 
Thus I regard, for example, the closure of the eyes under 
the stimulus of a strong light, and the action of the respira- 
tory muscles induced by irritation of the mucous membranes 
of the respiratory organs, or intestinal canal." Note this 
admission, and then consider the counter-argument he brings 
forward : " But when we remember that, if we divide the 
trunk of a salamander into several portions, each part, if it 
contain a fragment of the spinal chord, will still evidence 
the reflex motions, we can scarcely maintain the applica- 
bility of this view to all cases." * 

Here the question naturally rises : Why can we not 
suppose the segments of the chord to be sensitive, and its 
actions to be determined by sensations, as well when the 
brain is absent, as when the brain is present ? The onl^ 
obstacle is in the prejudice respecting the brain being the 
sole seat of sensation (compare page 80). But look at the 
facts. We etherise a frog, and cut off its head ; after which 
we divide its spinal chord, in the region of the back. We 
have then two segments of a headless animal. When the 
effect of the ether has disappeared, we pinch, or prick, the 

centre appreciating only sound, and another light, and another flavor? Rigor- 
ously interpreted, your position would involve that all sensations are the sanae." 
By no means ; my position is, that all sensations are forms of Sensibility, and 
their differences result from variations in the nature or degree of the stimulus. 
The same skin-nerve yields to different stimuli the very different sensations of 
touch, warmth, cold, tickling, pressure, pain, &c. The subject will be treated 
more folly in the next chapter. 

* Muller, 2T0. 

23* 
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fore-leg, and it is at once withdrawn ; we do the same to the 
hind-leg, and it is withdrawn; we irritate the posteriors, 
and the hind-legs vehemently push the instrument away. 
Another frog, also decapitated, hops away when thus irri- 
tated ; but this one, with the divided chord, cannot hop. 
All these actions of the decapitated animal are, we are told, 
purely reflex, totally without sensation ; " because sensation 
is only possible when the brain is present." In the unin- 
jured frog these actions result from sensations, because the 
impressions on the skin are conducted to the brain. All 
this seems clear enough until we extend our observations. 
Let us decapitate a frog, and see whether the head, separated 
from the body, will not exhibit the same signs of Sensibility 
which are exhibited by the body separated from the head. 
We touch the eye, and the eyelid closes ; we throw a strong 
light on the eye, and the pupil contracts and the lid closes ; 
we touch the tongue, or the inside of the mouth, and the 
larynx makes a motion of swallowing. All these are pre- 
cisely similar to what occurs in the uninjured frog, and are 
clearly allied to the actions of the headless trunk ; yet 
Physiologists would have us believe that these actions, both 
pf head and trimk, which indicate sensation when the animal 
is entire, do not indicate sensation when the head is sepa- 
rated from the body ; they would have us believe that the 
motions of the eyelid, pupil, and larynx, in the separated 
head, are purely reflex, wholly destitute of sensation. I 
confess this seems to me very arbitrary. The headless 
trunk is first said to be incapable of sensation, because the 
brain cannot be reached ; and then the head itself is said to 
be incapable of sensation, although impressions on it do 
reach the brain. Does, then, sensation depend on the union 
. of the spinal chord with the brain ? 

But however arbitrary it may seem to deny sensation 
to the separated head, and to consider its actions as purely 
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reflex, there is absolute necessity for such a position, if the 
Reflex-Theory is to be upheld ; because, if we grant sensa- 
tion to the separated head, when we see it responding in the 
usual manner to stimuli, we can have no grounds for deny- 
ing sensation to the separated body, when we see it respond- 
ing in the usual maimer to stimuli. 

In the numerous experiments I have made with a view 
to a right understanding of this subject, those on insects 
have furnished decisive examples. When a wasp is cut in 
two, both halves live, and manifest Sensibility (if we assume 
that a wasp ever manifests it, and is not a mere machine) 
during three or four days. If you irritate one half — the 
head — ^it will hite ; if you irritate the other half— the tail — 
it will sting. Take a beetle, such as the large water-beetle, 
Dytiscus marginalis, and remove its head. Here is one, 
which was decapitated eleven hours ago. At first the head 
twittered its antenme, and moved its mandibles, just as it 
had done before decapitation : this was evidence of sponta- 
neous action. It also frequently moved the larynx. Some- 
times it spun round on the table by means of its long an- 
tennae. When quiet, if I touched it, these motions were re- 
sumed. It seized any object with its mandibles, and bit 
fiercely. About ten hours ago all spontaneous action 
ceased; but any irritation produced the reactions of seH. 
sibility. All this while the headless trunk was swimming 
rapidly, and, if irritated, behaved precisely as the trunk of 
an uninjured insect behaves. 

Once more, I ask, How can we refuse this evidence of 
sensibility, unless we boldly deny that the insect has sensi- 
bility at all ? If we acc6rd sensibility to the entire beetle, 
we must accord it to the separated head ; and if to the sep 
arated head, then, on the same grounds, to the separated 
body. Cast a glance at the nervous system of the beetle, 
and you observe that the ganglia in the head are similar 
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to those in the trunk, and are only united, with them by two 
threads of nerve-fibres. Is it rational to suppose that the 
mere fact of union of such threads can endow actions with 
sensation, when we know that the 
actions themselves are the same 
whether the union exist or not ; 
and the only differenoo created by 
a division is, that the actions of the 
fore-part, are no longer consenta- 
neous with the actions of the hind- 
part 1 The nervous communica- 
tion enables the two parts of the 
insect to act together ; it does not, 
and it cannot, give sensation where 
no Sensibility existed. According 
to the view I take, Sensibility is 
the property of every ganglion, just 
as Contractility is the property of 
every muscle. And carrying this idea with us, we shall find 
experimental evidence in abundance ; for, suppose we cut off 
one segment of an animal's body, the loss of this segment 
wUl not entail a loss of sensibility in the rest of the body ; 
a dog, or a lizard, may lose its tail without losing its bus- 
oeptibility to impressions. Let us now remove another 
segment. The insect continues to fly, walk, bite, &c., as 
before. From this sensitive, though truncated, insect, we 
continue to remove segment ailer segment, till wc reach the 
last segment, or head. In the course of these operations wo 
find the insect more and more crippled, but at no point 
ceasing to manifest sensibility i the bead gives unequivocal 
signs, just as the whole body, minus one segmeut, gave un- 
equivocal signs. There is but this alternative ; either wo 
must deny that the insect at any time has sensibility ; or 
we must assert that only in the ganglia of the head does 
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sensibility reside. The first of these positions would render 
Physiology silent altogether, and indeed would render it 
impossible for us to draw any conclusions respecting man ; 
since it is only by the similarity of their actions with our 
own that we can conclude men to have feelings similar to 
our own : each man can only have direct knowledge of his 
own consciousness. The second position of the alternative, 
which makes Sensibility the exclusive property of the ce- 
phalic ganglia, is an assumption contradicted on the one 
hand by the anatomical identity of all ganglia, and on the 
other hand by the physiological identity of the actions of 
head and trunk, when separated. 

That I am not doing the upholders of the Reflex-Theory 
any injustice in asserting that they call the actions of the 
separated head purely reflex, without sensation, will be ap- 
parent from the following passage from Marshall Hall's 
Memoir : — He decapitated a turtle. " The head being 
placed upon the table for observation, it was first remarked 
that the mouth opened and shut, and that the submaxillary 
integuments descended and ascended alternately from time 
to time, replacing the acts of respiration. I now touched 
the eye or eyelid with a probe. It was immediately closed : 
the other eye closed simultaneously. I then touched the 
nostril with a probe. The mouth was immediately opened 
widely, and the submaxillary membranes descended. This 
effect was especially induced on touching the nasal fringes 
situated just within the anterior part of the maxilla. Hav- 
ing made these observations, I gently withdrew the medulla 
and brain. All the phenomena ceased from that moment. 
The next observations were made upon the other parts of 
the animal. The limbs, the tail, were stimulated by a 
pointed instrument or a lighted taper. They were im- 
mediately moved with rapidity. The sphincter was per- 
fectly circular and closed : it was contracted still more for- 
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cibly on the application of a stimulus. On withdrawing the 
spinal marrow gently out of its canal all these phenomena 
ceased." The conclusions drawn fi-om these observations 
are not a little surprising to any one who has a sense of 
logical proof. "This experiment," he continues, "affords 
evidence of many important facts in physiology. It proves 
that the presence of the medulla oblongata and spinalis is 
necessary to the contractile function of the eyelids, the sub- 
maxillary textures, the larynx, the sphincters, the limbs, and 
the tail, on the application of stimuli to the cutaneous sur- 
faces or mucous membranes [which no one doubted]. It 
proves ( ! ) the reflex character of this property of the me- 
dulla oblongata and spinalis, and the dependence of these 
motions upon the reflex function. It proves that the tone 
of the limbs, and the contractile property of the sphincter, 
depend upon the same reflex function of the medulla spi- 
nalis — effects not hitherto suspected by physiologists." * 

Now what is the proof here afforded 1 The facts are, ^ 
that the limbs and tail contract, when stimulated, although 
the head be removed from the body. This is assumed to be 
a proof that such contractions take place without sensation, 
because the Brain is assumed to be the sole seat of sensation. 
" In decapitated animals the very organ of sensation and vo- 
lition, and the other mental faculties, is removed." f But 
unhappily for this argument, the facts cited by him show, 
that when the " very organ " itself is present — in the severed 
head — precisely similar phenomena are observed. If the 
brain is the very organ of sensation, it will manifest sensi- 
bility as long as any vitality remains, whether joined to the 
body or severed from it : just as muscles manifest contrac- 
tility, and the heart beats, when separated from the body : 
it is but a feeble manifestation, I admit, but as long as there 

* Marshall Hall : Philoa. Trans. 1833, p. 644. 

t Marshall Hall : New Memoir on the Nervous Syeteni, p. 82. 
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is any manifestation, it will be of the organic function 'pecu- 
liar to the organ. In most animals, the loss of blood, and 
the shock, destroy at once all manifestation of sensibility in 
the severed head ; * but in reptiles, batrachians, and insects, 
the property still endures for a short period. 

Does not the reader perceive that if the head, containing 
the " organ of sensation," after being severed from the body, 
manifests any of those signs of sensibility which it manifests 
when joined to the body, we can have no right whatever to 
say these identical effects are due to different causes ? Does 
he not further see, that if the phenomena observed -in the 
body separated from the head, are precisely similar to those 
observed in the uninjured animal, and to those observed in 
the severed head, these identical phenomena cannot be due 
to different causes 1 Deny that the separated body mani- 
fests sensibility, and you must deny that the separated head 
manifests it; but you cannot stop here, you must also 
deny that the iminjured animal manifests it. 

That is the interpretation I put upon the facts. The one 
suggested by Marshall Hall rests on the double assumption 
that the Brain is the exclusive seat of Sensibility (an as- 
sumption of the very point in question), and that unless the 
Brain be in vital connection with the rest of the body, all 
Sensibility is impossible. Of proof there is not a shadow. 
Indeed I cannot help an expression of surprise at the weak- 
ness of the evidence on which this celebrated Reflex-Theory 
is based. Except the striking facts noted of human beings, 
with injured spines, who were insensible to prickings and 
burnings — ^facts which we shall hereafter see do not in any 
way contradict the views put forth in these pages, and do 
not, when properly considered, give the Reflex-Theory any 

• Were it not bo, the Bufferings of a man beheaded would bo frightful. But 
we know, firom experiments on mammals, that the loss of blood causes death 
before the shock passes away. 
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countenance — there is not a single fact, or experiment, which 
can make us pause. ' As to Marshall Hall's few experi- 
ments, the facts are so inaccurately stated by him, or, when 
accurate, are so illogically interpreted, that a feeling of the 
ludicrous is irresistible when we hear him declare : " Noth- 
ing can affect my view of the subject, which is, as I have 
stated, the simple expression of the facts" 

Let us give Marshall Hall due honour for his ingenuity 
and his steady pertinacity against all opposition, but let us 
also rigidly question the claims even of the most honoured. 
I do iiot think that accuracy of observation, or of reasoning, 
were his strong points ; and in the course of the following 
pages the reader will see grounds for this judgment. Mean- 
while two important misstatements call for notice. One of 
the cardinal " facts " in Hall's theory is, that decapitated 
animals never move unless excited to motion by an external 
stimulus. This fact I positively deny. Had he kept frogs 
and tritons for days after decapitation, or weeks after divis- 
ion of the spinal chord, he would have observed frequent 
refutations of his hasty conclusion. Had he even remem- 
bered Redi's account of the tortoise, which, after the whole 
cranial cavity had been completely emptied, walked about 
as usual, and lived for five months,* he would never have 
ventured on such a statement. 

Some time ago I removed the brain from a frog, and left 
it on a plate to recover from the effects of ether. The next 
morning the servant came to me, with suppressed alarm, 
assuring me my frog would escape. " No, there's no dan- 
ger. It can't escape, its head is off." " But I assure you, 
sir, it's quite lively ; I thought it would jump off the table." 
On going upstairs, I found the animal in the middle of the 
room. Such things are of frequent occurrence. Dr. Inman, 
of Liverpool, writes me word that he has witnessed it on 

♦ Rkdi : Observ. circa Animal. Vivent.j p. 209. 



BBAINLE8S AKIMALS MOVING SPONTAmSOUSLY. 161 

several occasions. He completely emptied the cranial cavity 
of a frog, yet found the animal quite vivacious : " There is 
no lack of spontaneous movement, and the reflex-actions are 
distinct enough in the eye, eyelid, and other places." In- 
deed, no one has investigated this subject without seeing 
abundant evidence of spontaneous movements after removal 
of the brain. These movements are, it is true, less evident 
when the Medulla Oblongata has also been removed ; but 
that is simply because lung-respiration depending on the 
Medulla, and vital energy on respiration, the removal of the 
Medulla is too serious an interference with the relations of 
the organism to permit more than feeble evidences of spon- 
taneity. Nevertheless, when the spinal chord is divided, 
the direct influence of the Medulla is removed from the ner- 
vous centres behind the section, but its indirect influence, in 
keeping up an active nutrition of those centres, enables the 
parts behind the section to move spontaneously. A Triton, 
or Lizard, with a divided chord, will be seen to move its tail 
and hind-legs spontaneously ; i, e,, without any external 
stimulus being applied. 

When I use the phrase external stimulus, it is in the 
sense implied by Marshall Hall and Mr. Grainger, meaning 
some irritation from the contact of a hard substance, an acid, 
or the flame of a taper. But as a change in the tempera- 
ture of the room, a current of cold air, or the effect of expo- 
sure on the wound, may equally well range under the cate- 
gory of external stimuli, I think it important to show that 
a decapitated frog will move spontaneously when there is 
no external stimulus possible. The frog is first etherised ; 
and then, its brain having been carefully removed, the whole 
of its skin is stripped off*. The effect of the skinning is to 
render it totally insensible to any external impressions : you 
may pinch, prick, tear, burn the flesh, or cut off* the limbs 
bit by bit, without producing the slightest sign of sensation- 
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Yet this frog will hop spontaneously ; and if you draw its 
hind-legs from under it, and leave them outstretched, it will 
draw them up again in a few minutes ; thus proving that 
motions may take place in a brainless animal when all ex- 
ternal impressions are rendered powerless. Moreover, I 
found that a triton, divided in two, had spontaneous move- 
ment in both halves : I placed the tail-half under a glass, and 
kept the air within moist, to prevent evaporation from the 
skin, yet even here this fragment of an animal occasionally 
moved. 

So much for the cardinal fact in the Reflex-Theory — a 
fact which is to prove that the motions of a decapitated ani- 
mal are excited, but not felt, I conceive that all actions, in 
all animals, are excited, and all are felt : an unexcited mo- 
tion is inconceivable ; but some motions are excited by ex- 
ternal, and others by internal stimuli. 

The second point to be noticed here, illustrates Hall's 
somewhat loose manner of conducting experiments which 
require rigid caution ; and the equally loose manner in 
which he drew conclusions. " I divided," he says, " the 
spinal marrow of a very lively snake between the second 
and third vertebrse. The movements of the animal were 
immediately before extremely vigorous and unintermitted. 
From the moment of the division of the spinal marrow, it 
lay perfectly tranquil and motionless, with the exception of 
occasional gaspings and slight movements of the head. It 
became quite obvious that this state of quiescence would 
continue indefinitely, were the animal secured from all ex- 
ternal impressions." So far from this being " obvious," it 
is directly counter to fact. The mere division of the spinal 
chord gives a " shock," which for a time keeps the animal 
motionless, or convulsive, but never prevents subsequent 
spontaneity of movement. But let us continue his ac- 
count: "Being now stimulated, the body began to move 
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with great activity, and continued to do so for a consider- 
able time, each change of position or situation bringing some 
fresh part of the surface of the animal into contact with the 
table or other objects, and renewing the application of the 
stimulus. At length the animal became again quiescent; 
and being carefully protected from all external impressions, 
it moved no more, but- died in the precise position and form 
which it had assumed." 

A closer reasoner would have seen that the snake's 
movements — ^if originated by a sensation derived from an 
irritation— would subside with the subsidence of the sensa- 
tion ; but they could never subside — ^while vitality remained 
— if the mere excitation, caused by contact of the table, orig- 
inated each movement; since this excitation must be re- 
newed at each movement of the snake, and thus one move- 
ment would necessarily bring on the next. But Marshall 
Hall set logic at defiance. On this very page he declares, 
that when a decapitated animal has relapsed into the repose 
from which it will never rouse itself, unless stimulated ex- 
ternally, " the slightest touch with a hard substance, the 
slightest stimulus, will renew the movements ; " and he 
thinks that these movements cannot depend upon sensation, 
because the position into which the animal falls may be one 
which would be attended with extreme pain if sensibility 
remained — e, g, when the animal remains suspended over 
the acute edges of the table. Had he stopped here, one 
might have attached some weight to the argument ; but he 
proceeds — " the infliction of punctures and the application 
of a lighted taper did not prevent the animal, still possessed 
(1) of active powers of motion, from passing into a state of 
complete and permanent quiescence." 

As the " observation " is one on which Hall lays great 
stress, the reader is requested to notice the remarkable con- 
fusion in the statement. First we are told that the slightest 
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touch with a hard substance suffices to renew the move- 
ments ; and then we are told that the proof of these move- 
ments not being due to sensation, is that punctures and 
burnings produced no such renewal of movements — as if 
punctures were effected without " the slightest touch of a 
hard substance ! " The truth of the case, so ill observed by 
him, is this, that the snake, when thoroughly exhausted, did 
not move if punctured or burned ; but before that exhaus- 
tion had taken place, punctures and burnings could have 
made it writhe, and any other stimulus would have made it 
move. On the whole, we cannot but agree with Arnold, 
when he says that Hall one moment relies on the fact that 
decapitated animals move, as a proof that movements may 
take place without sensation ; and the next moment proves 
the absence of sensation by the fact that the animals do not 
move.* 

These examples will suffice to show how little Marshall 
Hall's experiments support his theory. Let us glance at 
another example which is adduced in favour of the theory : 
" Mr. Grainger found," says Dr. Carpenter, " that he could 
remove the entire hind-leg of a salamander with the scissors 
without the creature moving, or giving any expression of 
suffering, if the Spinal Chord had been first divided ; yet that 
by irritation of the foot, especially by heat, in an animal 
similarly circumstanced, violent convulsive actions were ex- 
cited in the legs and tail. This fact is important, not only 
as showing the comparatively powerful effect of impressions 
on the cutaneous surface, but also as proving how little re- 
lation the amount of reflex-action has to the intensity of 
sensation." 

On this we must remark that the fact is altogether mis- 
stated, owing to theoretic preconceptions. When Mr. 
Grainger states that the creature did not move, or give any 

♦ Abkold : Die Lehre von der Rqfies Function^ p. 64. 
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expression of suffering, he means, I presume, that the fore- 
part of the creature remained quiet ; which is no more than 
would be expected, since the division of the spinal chord had 
divided the creature into two distinct parts — ^as regards sen- 
sibility. The fore-part was quiet, because the fore-part was 
not touched. But I venture to say, the hind-part was not 
quiet ; that always writhes when the leg is cut off. And 
although the leg may be cut off from this hind-part without 
producing any considerable writhings, such as are produced 
by heat or other irritation, yet this by no means warrants 
the conclusion drawn by Dr. Carpenter ; and for these rea- 
sons : the sensibility of a Salamander to external stimuli is 
almost exclusively cutaneous ; stripped of its skm, no amount 
of cutting, or pricking, produces the slightest sensation : 
when therefore the leg is cut off, if the scissors be very 
sharp, and the movement rapid, the animal scarcely re- 
sponds to the stimulus ; but if the scissors be not very 
sharp, and the cut be made slowly, tne animal — or a seg- 
ment of the animal — writhes energetically. An irritation 
of the skin, by heat or other stimulus, will, of course pro- 
duce greater writhings than cutting off a leg : but this will 
be the case with the uninjured animal, no less than with the 
animal whose chord has been divided. Thus we see that 
the fact in no way supports the hypothesis of reflex-actions 
being produced without sensation. 

Indeed, I know of no facts whatever which justify the 
hypothesis, but abundant facts irreconcilable with it. These 
latter facts we shall have to consider presently, in treating 
of the sensational function of the spinal chord. If we are to 
limit sensation to the brain, it is obvious that actions which 
take place without a brain, must be actions without sensa- 
tion. But this is the point which has to be proved, not 
assumed ; and it cannot be proved by such facts or argu- 
ments as have hitherto been advanced. Actions may be 
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determined by cerebral, or by spinal, sensibility ; to deny 
sensibility to the spinal chord, because its sensations may in 
many respects be unlike those of the brain, is as unphilo- 
sophical as to deny sensibility to the cerebrum, because its 
Sensations are unlike those of the optic or auditory centres : 
and this has actually been maintained. Various writers 
have denied consciousness to the cerebral hemispheres. 
Nor, until we adopt language having scientific precision, is 
there any ground for objecting to such a conclusion ; since 
it is perfectly clear that the same principle of reflex-action 
takes place in the cerebrum, as that which we have noted 
in the spinal chord. 

IV. Reflex-action in the Brain. — It was suspected by 
Prochaska, and has since become quite ascertained, that re- 
flex-actions would take place from the Sympathetic Ganglia, 
without the participation of the Spinal Chord. The proof 
is simple. The whole spinal chord and brain may be de- 
stroyed, yet the heart will continue to beat, and the intes- 
tines to move. 

But a more important step was to be taken : the Brain 
was to be included among reflex centres, and some at least 
of its actions reduced under the general law of reflexion. 
This step was taken by Dr. Lay cock in 1840. In a striking 
paper * read by him at the British Association in 1844, he 
brought together the evidence on which his view was founded. 
The idea has been adopted and illustrated in the writings of 
Dr. Carpenter, who now calls the action " unconscious c^e- 
bration." If the modern-reflex theory be adopted, this ex- 
tension of it to the brain is inevitable. But it seems to me 
that unconscious cerebration is nothing more than this : we 
can have a sensation without thinking of that sensation ; and 
in like manner we can think without thinking that we think 

♦ Printed In the British and Foreign Medical Review, Jan. 1845. 
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train of ideas may go on without exciting a particular 
direction of the consciousness. 

" I was led to this opinion," Dr. Laycock says in announc- 
ing his view, "by the general principle that the ganglia 
within the cranium being a continuation of the spinal chord, 
must necessarily be regulated as to their reaction on external 
agencies by laws identical with those governing the spinal 
ganglia and their analogues in the lower animals." If, there- 
fore, the spinal chord is a centre of reflexion, the brain must 
also be one. It is a matter of regret that Dr. Laycock did 
not extend this principle, and declare that whatever was true 
of the properties of the cranial centres, must also be true of 
the spinal centres ; if the brain have Sensibility, the spinal 
chord must also have it. 

Dr. Laycock refers to the curious phenomena of Hydro- 
phobia in proof that reflex-actions may be excited by tiie 
optic nerves, or by a mere idea of water. When a mirror 
was presented to a patient, the reflection of the light acting 
on his retina, in the manner of a reflection from the surface 
of water, produced a convulsive sobbing, as in the attempt 
to swallow water, and the patient turned aside his head with 
expressions of terror. Money was given him to induce him 
to look a second time, but before he had looked in it a 
minute, the same efiect was produced. 

The idea of water excited similar convulsions. No soon- 
er was it suggested that the patient should swallow a little 
water than he seemed frightened, and began to cry out. By 
kindly encouragements, he was brought to express his will- 
ingness to drink, but the sound of the water, as it was poured 
out again, brought on convulsions. In another case, " on 
our proposing to him to drink, he started up, and recovered 
his breath by a deep convulsive inspiration. On being 
tilled to try, he took a cup of water in one hand, and a 
spoon in the other. With an expression of terror, yet with 
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great resolution, he filled the spoon, and proceeded to carry 
it to his lips ; but before it reached his mouth, his courage 
forsook him, and he was forced to desist. He repeatedly 
renewed the attempt, but with no more success. His arm 
became rigid and immovable whenever he tried to raise it 
to his mouth, and he struggled in vain against this spas- 
modic resistance." 

The facts of reflex cerebral action are important illus- 
trations of the law of nervous phenomena, but they do not 
in any way establish the peculiar assiunption of the Eeflex- 
Theory, which is, that actions can take place without the ex- 
citations of Sensibility. 

Dr. Carpenter, adopting the opinions of Marshall Hall 
and Dr. Lay cock, thus classifies all reflex-actions : 1. Those 
determined by the Spinal Chord ; they are " excito-motor." 
2. Those determined by the Sensory Ganglia; they are 
" sensori-motor." 3. Those determined by the Cerebrum ; 
they are " ideo-motor." In all these consciousness is said 
to be absent. 

Here we must once again call attention to the ambiguity 
of ordinary language. Consciousness is a word which, al- 
though used as equivalent to sensation, is often, and more fre- 
quently, used as equivalent to thought. To have a sensation, 
and to be conscious, are held as convertible terms : there can 
be no sensation without consciousness. But there is frequent 
use of phrases implying that sensations may exist without 
consciousness, as when we say, " 1 heard the clock strike, 
but was unconscious of it ; I wound up my watch, but did 
so unconsciously." This is the meaning which Dr. Carpen- 
ter seems to attach to the word ; and with that meaning, 
there is no impropriety in his speaking of " unconscious cer- 
ebration," which some have ridiculed, as if it were tanta- 
mount to " unthinking thinking." There is no doubt that 
we go through many mental processes without any of that 
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reflex-feeling which is characterised by the phrase "being 
conscious." The train of ideas may never diverge from the 
direct path : a problem may be solved, and the mind will 
be so intent on the solution as to be wholly " unaware " of 
anything else. During reverie we are not only " uncon- 
scious " of the presence of external objects, but of our own 
state. The intellectual mechanism acts without interruption 
from sensation. When the word consciousness is restricted 
thus, we may properly say that there can be unconscious 
thinking, and unconscious sensation. It is only saying that 
some centres of our complex organism may act, without at 
the same time calling some other centres into play. 

The perplexing ambiguities which necessarily arise when 
different writers use the words sensation and consciousness, 
without rigorously defining their terms, I have endeavoured 
to avoid, by imiformly employing the word Sensibility as 
a general term indicating the property of all nerve-centres ; 
and the word Sensation as a general term including every 
reaction of Sensibility to a stimulus, external or internal. 
By so doing, all nervous phenomena are brought under the 
same law ; as all muscular phenomena are brought together 
when Contractility is assigned to muscular fibre, and Con- 
traction to the activity of that property. A muscle may be 
flexor, or extensor, or sphincter ; its function may be to 
serve expression, respiration, locomotion, voluntary or in- 
voluntary movements ; but in all cases the actions depend 
on Contractility. The muscular mechanism, like the ner- 
vous mechanism, is so related in its parts, that some of 
them cannot be called into action without also playing upon 
others ; but there are parts which can act with a certain in- 
dependence. The arm may be moved without any altera- 
tion of the muscles of expression, yet it cannot be moved 
without affecting the muscles of respiration. But whether 
the parts act separately, or in combination, the necessary 
24 



170 THB MIND AND THE BRAIN. 

condition of all muscular action is Contractility. In like 
manner, whether the various nerre-c^itres act separately or 
in combination, the necessary condition of all ganglionic ac- 
tion is Sensibility. 

I have thought it desirable, on many grounds, to make 
Consciousness an equivalent term for Sensibility, and have 
grouped the various forms of Sensibility under the heads of 
Thought-consciousness, Sense-consciousness, and Systemic- 
consciousness. But this is a point which may be left to the 
pleasure of the reader. The thesis maintained in these 
pages does not require assent to such a classification ; but it 
asserts, as a scientific proposition, that Sensibility is the 
property of all nerve-centres ; and that no action can possi- 
bly take place in the organism which has not a sensation, of 
some kind, as a basis. The Reflex-Theory, which considers 
the organism as a mechanism, errs in supposing that this 
mechanism can dispense with Sensibility. I also hold that 
tiie organism is a mechanism — ^but a vital and sensitive 
mechanism. It was no discovery of Marshall Hall's that 
many actions could take place, and did take place, without 
our being " conscious " of them — ^meaning thereby, without 
our attending to or thinking of them. Every one knew 
that. His discovery purported to be, that whereas some 
actions have a sensational origin, and can only be performed 
in virtue of a sensitive mechanism ; there are other actions 
which have no such origin, but which, like the actions of a 
steam-engine, depend on the reflexion of impressions into 
motions, one cogged wheel moving another. In this be 
made the immense mistake of forgetting that in the vital 
mechanism each cog is a sensation. Unless his purely me- 
chanical view be adopted, the Reflex-Theory is merely a 
new name ; and the reader has already seen how little evi- 
dence there is in favour of such a view, how much against 
it. The evidence against it will become more and more co- 
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ercive as we proceed. But it is necessary for a right under- 
standing of the claims of the Spinal Chord, to the title of a 
sensational and volitional centre, that we should examine 
with some attention what constitutes — in a physiological 
sense — ^a volition. 

V. Voluntary and Involuntary Actions. — ^It seems an 
easy thing to distinguish a voluntary from an involuntary 
action ; and yet this seemingly easy thing sorely perplexes 
the cunning of philosophy. It seems also an easy thing to 
distinguish between an animal and a plant ; yet when we 
come to seek for the one distinctive characteristic which 
marks the animal world, and separates it decisively from 
the vegetable world, we are sorely puzzled. There is no 
difficulty in saying that a cow is an animal, and a cabbage 
is a plant : but when we descend to the simpler forms of 
animal life, we find them so nearly allied to plants that our 
classification is troubled. Still greater is our perplexity 
when the simpler actions are presented for analysis ; posi- 
tive as we may be that some actions have a volitional ele- 
ment we are at a loss to mark out what that element is. 

In popular language, those actions are called voluntary 
over which we can exercise control, either in the way of re- 
straining, or of prompting them. I can move my arm, or 
keep it motionless, if I will to do so. But there are other 
actions which are beyond control ; no effort of Will suffices 
to prompt, or to restrain them. The heart beats without 
my control. The eyelid winks, the wounded muscle quiv- 
ers, the stomach digests, involuntarily. I can control the 
movem^it of my arm, unless a sharp pain forces me to with- 
draw it ; and when I withdraw it under sudden pain, the 
action is said to be involuntary. 

This is a rough classification, which suffices for our daily 
needs. We want a term to mark a certain group, and the 
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term voluntary satisfies that want. But the severer exigen- 
cies of Science are not satisfied so easily. A rigorous ex- 
amination shows that in most, if not in all, the so-called 
involuntary actions (as we shall see presently) this very 
volitional element of control may find a place. Although 
breathing is an involuntary act, it can be, and often is, re- 
strained or accelerated by the will ; but the controlling 
power soon comes to an end — ^we cannot voluntarily sus- 
pend our breathing for many seconds ; the urgency of the 
sensation at last bears down the control. In like manner, 
we can partially, but not wholly, restrain the shrinking and 
trembling which accompany pain and terror. It has been 
said that these partial influences of control are due to the 
fact that the apparatus involves some of the voluntary mus- 
cles, and these are, of course, under the control of the will ; 
but that inasmuch as the apparatus is not wholly constituted 
by voluntary muscles, it is not wholly under control. Yet 
this is only a restatement of the fact in different terms. The 
muscles are styled voluntaryj because they are under con- 
trol. Nevertheless, it is easy to prove that an apparatus 
of purely voluntary muscles will furnish an involuntary act 
— ^an act quite beyond all influence of the Will. The act of 
winking is an example. It is performed by voluntary mus- 
cles, and may be a purely voluntary act — as when we wish 
telegraphically to warn one of our hearers that we are jest- 
ing. Yet this act, which is as purely voluntary as any we 
perform, is habitually an involuntary act ; the contact of the 
air with the eye causes a loss of temperature by evaporation, 
and the sensation caused by this dryness urgently insisting 
on being remedied, we wink. Not only is winking one of 
the typical examples of involuntary action, but we find that 
it occurs in spite of the most obstinate efforts to restrain it : 
no resolution on our part not to wink will prevent our wink- 
ing, after a certain time, or if a hand be passed rapidly be- 
fore the eye. 
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This example shows that the partial control which the 
will exercises over what are called involuntary acts, does 
not depend on the nature of the muscles involved. The same 
action which is voluntary at one moment will be involun- 
tary at another, according to the urgency, or intensity, of 
the stimulus. We laugh because we are tickled, or because 
some ludicrous image presents itself: both of these are in- 
voluntary actions, although both are capable, within certain 
limits, of control ; but we may also laugh because we pre- 
tend to be tickled at the great man's joke — secretly felt to 
be a very feeble effort of humor. We cough because there 
is a tickling in the throat ; and we also cough because we 
desire to drown the too buoyant platitudes of a remorseless 
orator. We yawn because we are weary, and we yawn 
because we determine to set others yawning. It seems 
clear, therefore, that the volitional element we are in search 
of, cannot lie in the act itself, but in something which pre- 
cedes or accompanies the . act. According to the popular 
opinion, an act is called voluntary if the mind has deter- 
mined it by a conscious conception of the object to be ob- 
tained ; and it we were to say that volition is an action 
determined by a distinct idea, we should express the current 
opinion pretty accurately. Is that opinion tenable ? 

It is not tenable, because on the one hand actions may 
be determined by distinct ideas, and yet be " involuntary ;" 
and because on the other hand actions may be voluntary, 
yet not determined by distinct ideas, but determined simply 
by sensations. Let a friend pass a finger rapidly before 
your eye, and although he has solemnly assured you that he 
will not touch you, and you have profound confidence in his 
word, yet no effort of Will prevents your winking. It is in 
vain you resolve to be firm — the eyelid drops as the finger 
approaches. This winking is, according to ordinary concep- 
tionsy an involuntary act, since it is performed in spite of I 
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the will ; yet it is an act determined by ;an idea, the idea of 
danger ; and the proof of this is seen when you approach a 
finger to the eye of an animal, or in&nt, in whom no sudi 
idea of danger is excited : it does not wink. Nor do you 
wink when you approach your own finger to your eye, 
beause then the idea of danger is absent. We have here an 
action eminently controllable^ and obviously determined by 
an ideal stimulus having therefore the two cardinal charac- 
ters of a voluntary act, yet being immistakably involun- 
tary. To reconcile such a contradiction we must suppose 
that the Will oscillated— -one instant it resolved that winking 
should not take place, and the next instant resolved that it 
should. This explanation would, however, force the admis- 
sion that the act of winking was not involuntary; after 
which, it would be puzzling to say what acts are involuntary. 
If the will can thus oscillate, and thus rescind its orders^ 
why may it not in all the assumed cases of involuntary action 
be in a state of oscillation ? 

What is the process of control"? Every action is a 
response to a sensitive stimulus. Muscles are moved by 
motor-nerves which issue from nerve-centres ; these nerve- 
centres are excited by impressions carried there, either by 
sensory nerves going from a sensitive surface, or by impres- 
sions communicated from some other centre. A stimulus 
applied to the skin excites a sensation, which being reflected 
on a muscle excites a contraction. But instead of the sensa- 
tion exciting a muscle, it may be reflected on some nerve- 
centre, and excite a reflex-feeling. This secondary, or reflex- 
sensation, may either play upon a muscle, or upon some 
other centre, and this will excite an action. Thus it is that 
the same external stimulus may issue in very diflerent ao- 
tions. We decapitate a frog, and half an hour after prick 
or pinch its leg : the frog hops, or suddenly draws up its 
leg. We now prick, or pinch, an uninjured frog in the 
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same way, and we mostly (not always) observe that its leg 
is motionless ; it does not hop way, it only lowers its head, 
and perhaps closes its eyes ; a second pinch makes it hop 
away. In the decapitated frog, the action was reflex ; the 
stimulus transmitted from the skin to the spinal chord was 
directly answered by a contraction of the 1^. In the unin- 
jured frog, the stimulus was also transmitted to the Spinal 
Chord ; but from thence it ran upwards to the brain, excit- 
mg a reflex-feeling of alarm ; but though alarmed, the ani- 
mal was not forced into any definite course of action to 
secure escape ; and while thus hesitating, a second prick 
came, and the urgency of the sensation then caused it to hop 
away. This hopping was reflex, but it was indirectly so : 
it was prompted by the reflex-feeling, which in turn had 
been excited by the original sensation. In like manner, if a 
dog's tail be pinched by a stranger, the dog cries out, and 
turns suddenly round to bite his tormentor. If the tor- 
mentor happen to Tbe the dog's master, or friend, the dog 
will cry out, start away, or perhaps even turn round to bite 
— ^but he will not bite ; should he get so far as to seize the 
hand with his teeth, he checks himself in time. This control 
is often touchingly seen in removing a thorn from a dog's 
foot : the pain causes a reflex-action, which brings the dog's 
head down upon the operator's hand ; but instead of biting, 
the grateful animal licks that hand. 

These are cases of control. They are possible only 
because reflex-feelings are excited ; one sensation being 
rapidly followed by another, so that before one action, di- 
rectly reflex, can occur, another action is set going, which 
interferes with it, controls it. An examination of the Ner- 
vous System discloses a number of centres, all capable of 
independent action, yet all connected with each other, and 
thus brought into some dependence on each other; it is 
through ttus dependence that control becomes possible. A 
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sensation, instead of issuing in the action wHch usually fol- 
lows it, sometimes issues in another sensation ; this in turn 
may issue in a third sensation, instead of in an action ; just 
as, when a row of billiard balls is struck, the impetus is 
transmitted from one ball to the other, the lasi in the row 
flying off, and all the others remaining in their original posi 
tion. At some point or other, could we follow its course, 
we should observe that the original sensation issued in an 
action, although, because the final stimulus to this said ac 
tion is a reflex-/eeZm^ the action itself is very unlike what it 
would have been if directly reflex. Tickle the face of a 
sleeping man, and by a reflex-action his hand is raised to 
rub the spot ; tickle the face of that man when awake, and 
instead of this reflex-action, there will be one of vocal re- 
monstrance, or perhaps one guiding a pillow in its descent 
upon your head. 

Inasmuch as all actions whatever ye the products of 
stimulated nerve-centres, it is obvious that all actions are 
reflex — reflected from those centres. It matters not whether 
I wink because a sensation of dryness, or because an idea of 
danger, causes the eyelid to close : the act is equally reflex. 
The nerve-centre which supplies the eyelid with its nerve 
has been stimulated ; the stimuli may be various, the act is 
uniform. At one time the stimulus is a sensation of dryness, 
at another an idea of danger, at another the idea of commu- 
nicating by means of a wink with some one present ; in each 
case the stimulus is reflected in a muscular contraction. 
Sensations excite other sensations ; ideas excite other ideas ; 
and one of these ideas may issue in an action of control. 
But the restraining power is limited, and cannot resist a 
certain degree of urgency in the original stimulus. I can, 
for a time, restrain the act of winking, in spite of the sensa- 
tion of dryness ; but the reflex-feeling which sets going this 
restraining action will only last a few seconds ; after which 
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the urgency of the external stimulus is stronger than that of 
the reflex-feeling — the sensation of dryness is more im- 
perious than the idea of resistance — ^and the eyelid drops. 

If a knife be brought near the arm of a man who has little 
confidence in the friendly intentions of him that holds it, he 
will shrink, and the shrinking will be " involuntary " — ^in 
spite of his will. Let him have confidence, and he will not 
shrink, even when the knife touches his skin. The idea of 
danger is not excited in the second case, or if excited, is at 
once banished by another idea. Yet this very man, who 
can thus repress the involuntary shrinking when the knife 
approaches his arm, cannot repress the involuntary winking 
when the same friend approaches a finger to his eye. In 
vain he prepares himself to resist that reflex-action ; in vain 
he resolves to resist the impulse ; no sooner does the finger 
approach, than down flashes the eyelid. Many men, and 
most women, would be equally unable to resist shrinking 
on the approach^ of a knife : the association of the idea of 
danger with the knife, would bear down any previous reso- 
lution not to shrink. It is from this cause that timorous 
women tremble at the approach of firearms. An associa- 
tion is established in their minds which no idea is powerful 
enough to loosen. You may assure them the gun is not 
loaded ; " that makes very little difference," said a naive old 
lady to a friend of ours. They tremble, as the child trem- 
bles when he sees you put on the mask. These illustrations 
show that the urgency of any one idea, may, like the urgency 
of a sensation, bear down the resistance offered by some 
other idea; as the previous illustrations showed that an 
idea could restrain or control the action which a sensation 
or idea would otherwise have produced. According to the 
doctrines current, the Will is said to be operative when an 
idea determines an action ; and yet all would agree that the 
winking which was involuntary when the idea of danger de- 

24* 
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termined it, was voluntary when the idea of communicating 
with an accomplice in some mystification determined it. 

The reader will have gathered already that we admit no 
real and essential distinction between voluntary and involun- 
tary actions. They are all voluntary. They all spring 
from Consciousness. They are all determined by feeling. 
It is convenient, for common purposes, to designate some 
actions as voluntary ; but this is merely a convenience ; no 
psychological, nor physiological, insight is gained by it ; an 
analysis of the process discloses no element in a voluntary 
action which is not to be found in an involuntary action. In 
ordinary language it is convenient to mark a distinction be- 
tween my raising my arm because I will to raise it for 
some definite purpose, and my raising it because a bee has 
stung me ; it is convenient to say, " I will to write this 
letter," and " this letter is written against my will — ^I have 
no will in the matter." But Science is more exacting when 
it aims at being exact ; and the philosopher, analysing these 
complex actions, will find no element answering to the 
" will," in one, which is absent from the other : he will find 
this only, that in each case certain muscular groups have 
been set in action by certain sensational or ideational 
stimuli. 

It is a very general mistake to suppose that every act of 
volition implies a distinct idea of its object. Unless such an 
intellectual element be present guiding the movement, the 
voluntary character is said to be wanting. But it is well 
said by Mviller, that " the ultimate source of voluntary mo- 
tion cannot depend on any conscious conception of its ob- 
ject; for voluntary motions are performed by the foBtus 
before any object can occur to the mind — before any idea 
can possibly be conceived of what the voluntary motion 
effects. . . . The foetus moves its limbs at first, not for 
the attainment of any object, but solely because it can move 
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them. Since, however, on this supposition, there can be no 
particular reason for the movement of any one part, and the 
foetus would have equal cause to move all its muscles at the 
same time, there must he something which determines this, 
or that, voluntary motion to be performed. The knowledge 
of the changes of position which are produced by given 
movements, is gained gradually , and only by means of the 
movements themselves, . . . The voluntary excitation of 
the origins of the nervous fibres, without objects in view, gives 
rise to motions, changes of posture, and consequent sensa- 
tions. Thus a connection is established in the yet void mind 
between certain sensations and certain motions. When subse- 
quently a sensation is excited from without, in any one part 
of the body, the mind will be already aware that the volun- 
tary motion, which is in consequence executed, will manifest 
itself in the limb which was the seat of sensation; the foetus 
in utero will move the limb that is pressed upon, and not 
all the limbs simultaneously. The voluntary movements 
of animals must be developed in the same manner. The 
bird which begins to sing is necessitated by an instinct to in- 
cite the nerves of its laryngeal muscles to action ; tones are 
thus produced. By the repetition of this blind exertion of 
volition, the bird at length learns to connect the kind of 
cause with the character of the effect produced. The in- 
stinct of this dream-like and involuntarily-acting impulse in 
the sensorium has some share in the production of certain 
movem^its in the human infant, which are in themselves 
voluntary. In the sensorium of the newly-bom child there 
is a necessitating impulse to the motions of sucking ; but 
the difierent parts of the act of sucking are themselves vol- 
imtary movements." * 

bi tiiis passage, Mtiller calls certain actions voluntary 
whidi writers usually consider to be reflex (involuntary), 

* KvLLSB : Phj/9iologi/j ii. 835. 
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and reflex-actions with them mean actions without sensa- 
tion ; but as Mr. Bain remari^s, " It may be by a refiex-ao- 
tion that a child commences to suck when the nipple is put 
between its lips ; but the continuing to suck so long as the 
sensation of hunger is felt, and the ceasing when that sensa- 
tion ceases, are truly volitional acts. All through animal 
life, down to the very lowest sentient being, this property 
of consciousness is exhibited, and operates as the instrument 
for guiding and supportmg existence. To whatever lengths 
the purely reflex instincts, or the movements divorced from 
consciousness, may be carried on in the inferior tribes, I can 
with difliculty admit the total absence of feeling in any being 
we are accustomed to csll an animal ; and with this feeling 
I am obliged also to include this property, which links the 
state of feeling with the state of present movement,^^ * It is 
this link of feeling with action, which, according to Mtlller, 
constitutes Volition. 

This idea of the nature of Volition has been adopted and 
developed by Mr. Bain,f with a fulness and suggestiveness 
of treatment which leaves little to be desired. There are 
questions he leaves untouched, and points on which I do not 
find myself able to agree with him ; but, on the whole, I 
have received more light from his work, than from that of 
any other psychologist, and shall therefore expound his 
views, in preference to those of any other. He considers 
the Will as the generalised expression of our power to per- 
form voluntary actions ; and by voluntary actions he means 
those which have an established connection with certun sen- 
sations. A sensation of pain excites the active oi^ns : the 
animal struggles till it has escaped the pain ; these stru^les 
are involuntary, and they are so because beyond definite 
control, beyond the guidance of any one feeling ; they be- 

♦ Baih : Tlie Senses and the InteUect^ p. 296. 
t Bain : The Emoiiona and the WitL 
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long to what Mr. Bain calls the " diffusive wave of emotion ;" 
whereas voluntary actions are isolated and directed to a par- 
ticular end. In the course of its struggles, the animal acci- 
dentally makes one movement which is followed by an 
alleviation or cessation of the pain ; this makes it discon- 
tinue all the other movements, and continue that which 
alleviates. If any of the other movements are set going, 
the pain recurs, and warns the animal to cease. The con- 
tinuance of an alleviating movement, Mr. Bain regards as 
the volitional element. " We must in the first instance 
clearly and broadly separate the difiiisive wave, accompany- 
ing all emotions as their necessary embodiment, from the 
active influence now under discussion. This is the more 
necessary as the two classes of movements are very apt to co- 
exist. A blow with a whip, inflicted on a sentient creature, 
produces, as a part of the emotional effect, strictly so called, 
a general convulsive start, grimace, and howl ; it also pro- 
duces, in the case of the mature animal, an exertion in some 
definite course to avoid the recurrence of the infliction. The 
first effect is entirely untaught, primitive, instinctive ; being 
intimately and indissolubly connected with feeling in the 
very nature of it. The other effect is based likewise on an 
original property, but brought into the shape that we usual- 
ly find it in, after some experience and considerable strug- 
gles. The element just mentioned, of aim or purpose, in no 
sense belongs to the movements of the diffused wave, or 
those constituting the manifestation or expression of the 
mental state. The ecstatic shout of hilarious excitement, 
the writhings of pain, are energetic movements, but they be- 
long nether to the class of central spontaneity above de- 
scribed, nor to the voluntary class now under conside- 
ration." 

When a very young infant is in pain, it struggles and 
Bqualls. That is all it can do ; it does that lustily. Mr. 
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Bain considers it due to the diffused wave of emotion. Sup- 
pose the cause of the pain to be a needle pricking its foot ; 
the child will make no effort to remove that needle, because 
the link between such a pain and such an action has not yet 
been established, and this voluntary effort cannot be made. 
Before it can make such an effort it must have learned to 
localise its sensations. Every surgeon knows that the young 
infant may be allowed to have his hands fi-ee, when operated 
on, because it cannot with its hands interfere with the knife, 
not as yet knowing where the seat of pain is. When, later 
on, it has learned to localise its sensations, it may learn 
what actions alleviate them. A baby in discomfort from 
some itching of the nose is at first simply restless ; it learns 
to rub that nose with its little fist, only after much expe- 
rience of rubbings. 

Mr. Bain relies on the primary fact that when pain coex- 
ists with an accidental alleviating movement, or when 
pleasure coexists with a pleasure-sustaining movement, such 
movements become subject to the control of the respective 
feelings which occur in their company. It is a primordial 
law that we shrink from pain and cling to pleasure ; as long 
as the pain is unalleviated, movements are kept up; as 
soon as one particular movement brings cessation of pain, 
that movement is kept up. An infant lying in bed has the 
painful sensation of chilliness. This feeling produces the 
usual emotional display, namely, movement, perhaps cries 
and tears. In the course of a variety of spontaneous move- 
ments of arms and legs, there occurs an action that brings 
the child in contact with the nurse lying beside it ; instantly 
warmth is felt, and this alleviation of painful feeling becomes 
immediately the stimiQus to sustain the movement going on 
that moment. That movement, when discovered, is kept 
up, in preference to the others. In this way the child learns 
to connect certain sensations with certain movements, and 
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at a year old will draw dose to its nurse whenever the sen- 
sation of cold comes on, even during sleep. '^ It is an origi- 
nal property of our feelings to prompt the active system 
one way or another, but there is no original connection be- 
tween the several feelings and the actions that are relevant 
to each particular case. To arrive at this goal, we need all 
the resources of spontaneity, trial and error, and the adhe- 
sive growth of the proper couples, when they can once be 
got together. The first steps of our volitional education are 
a jumble of spluttering, stumbling, and all but despairing 
hopelessness. Instead of a clear curriculum, we have to wait 
upon the accidents, and improve them when they come." 

No one will withhold his assent from the proposition 
that a pain increasing in company with any movement must 
tend to cause the arrest of that movement ; or that pleasure 
increasing in company with a movement must tend to cause 
the continuance of that movement. 

^' The spontaneous action that brings a limb into a pain- 
ful contact as when the child kicks its foot upon a pin in its 
dress, is undoubtedly from the earliest moment of mental 
life arrested. Without this I see no possible commence- 
ment of voluntary power. So a movement that mitigates a 
pain already in operation is maintained, as long as the crea- 
ture is conscious of diminished suffering. In this way, the 
arms, hands, and fingers work for abating sharp agony, pro- 
vided only the right member has found its way into action. 
No provision, as I have often said, exists at the dawn of life 
for getting the right member into play. The infant being 
must go through many a cycle of annoyance, because, among 
numerous stimulants to action that have occurred, the right 
one has been omitted. But the true impetus once arising, the 
mind is alive to the coincidence of this with decreasing or 
vanished pain ; just as, on the other hand, we must suppose 
it alive to the coincidence of some other movement with an 
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aggravation of the evil. The greater the pain, the more 
strongly is the alleviating movement sustained when once 
under way. For the next stage of the process, the estab- 
lishment of a connection between the pain and the spedal 
action, we must fall back upon the foundation of all our ac- 
quisitions, namely, the force of contiguous association. The 
concurrence of a particular sensation, as a prick in the arm, 
with that retracting movement, which rids us of the pain, 
leads to the rise of an adhesive bond between the two, if a 
sufficient number of repetitions have occurred. We cannot 
say how many instances of chance conjunction are requisite 
to generate an association so strong as to take away the un- 
certainties attending the spontaneous discharge ; all the cir- 
cumstances governing the rapidity of contiguous adhesion 
would have to be taken into account in this case. The ex- 
citement of strong pain on the one hand, or of strong pleas- 
ure on the other, is a favourable moment for the growth of 
an association : and probably not a great number of those 
occasions would be necessary to convert an inchoate into a 
full-formed volition. Full-formed, I say, because when the 
supposed pain can bring into play the proper movement, in 
the absence of all spontaneous tendency, we have a case of 
voluntary power complete for all the purposes of the living 
being. The example that I am now discussing, namely, the 
retractation of any part of the body from a painful contact, 
implies a very numerous set of coincidences between local 
pains and local movements. For all contacts on the back 
of the hand, there must be an association with the muscles 
of flexion; for the palm, the extensor muscles must be 
affected. For the outside of the arm, the tendency to draw 
it towards the side has to be prompted. And so in like 
manner for every part of the body, under an irritating 
smart, there must be a formed connection between painful 
sensation arising in the locality and the corresponding 
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movements of retractation. This is one department of 
voluntary acquisition, and consists of a multitude of couples 
of individual sensations and individual movements, joined 
by association, after being commenced by spontaneity. 
For the class of acute pains supposed the acquirement is 
perfect, owing in a great measure to the simplicity of the 
case. It is not so with many of those muscular pains, 
which we are professedly considering at present, although in 
tiie foregoing illustration we have departed from them, and 
somewhat anticipated the subject of sensation at large. 
The cramps of the limbs do not ordinarily suggest the 
alleviating action. Owing partly to the rarity of the feel- 
ing, we have not usually a full-formed volition which en- 
ables the state of sufiering to induce the alleviating action, 
and consequently we are thrown upon the primitive course 
of trial and error. This instance shows, by contrast with 
the preceding, how truly our voluntary powers result from 
education. An established link between a cramp in the ball 
of the leg, and the proper actions for doing away with the 
agony, is quite as great a desideratum as drawing up the 
foot when the toe is pinched or scalded ; yet no such link 
exists, until a melancholy experience has initiated and 
matured it. The connection in the other case is so well 
formed from early years, that almost everybody looks upon 
it as an instinct, yet why should there be an instinct for the 
lighter forms of pain, and none for the severest 1 The truth 
is, that the good education in the one is entirely owing to 
our being more favourably situated for making the acquisi- 
tion." 

Hitherto we have seen voluntary actions under the 
guidance of sensations only ; let us now observe the ideal 
guidance. A child is seated at table. He places his hand 
upon the bright teapot, and the pain of the burn makes him 
withdraw his hand ; again the brightness attracts his curious 
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fingers, and again the pain makes him desist. Afler a cer- 
tain number of trials the idea of the pain is so associated 
with that of the teapot, that the child no longer burns him- 
8el£ But he has thrust his hand into the biscuit-plate, and 
finds this action rewarded with a biscuit instead of a bum. 
On repeating it he is scolded, or slapped, or put into the 
comer — ^made to suffer pain ; and if this pain he always in- 
flicted when he acts thus, he will soon learn to restrain his 
forays upon the biscuits. This link which is established be.* 
tween an action and a pain, is an ideal link, and finds its 
place in memory ; it is nearly as firm as a sensational link. 
The supposition, however, that this ideal link makes the 
action voluntary, as distinguished from an action which is 
guided by a sensational link, will not withstand criticism. 

At first our actions are guided by sensations ; then by 
the ideal representatives of those sensations. 

" Instead of an actual movement seen, we have for the 
guiding antecedent a movement conceived, or in idea. The 
association now passes to those ideal notions that we are 
able to form of our various actions, and connects them with 
the actions themselves. All that is then necessary is a 
determining motive, putting the action in request. Some 
pleasure or pain, near or remote, is essential to every voli- 
tional effort, or every change from quiescence to movem^it, 
or from one movement to another. We feel, for example, 
a painful state of the digestive system, with the consequent 
volitional urgency to allay it ; experience, direction, and 
imitation, have connected in our minds all the intermediate 
steps, and so the train of movements is set on. On the table 
before us we see a glass of liquid ; the infant never so thirsty 
could not make the movement for bringing it to the mouth. 
But in the maturity of the will, a link is formed between the 
appreciated distance and direction of the glass, and the 
movement of the arm up to that point; and under the 
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stimulus of pain, or of expected pleasure, the movement is 
executed." 

It oflen happens that we are conscious of " an interval 
of suspense between the moment of painful urgency and the 
moment of appeasing action ;" because the reflex-feelings 
are many, and these cross and recross eadi other, so that no 
one of them issues in action. This was the case with the 
frog which we cited just now; instead of hopping away 
when pinched, it cowered and seemed hesitating as to its 
escape. 

And this leads us to consider how thoughts, no less than 
actions, can be controlled ; how the mind has power over 
its actions, no less than over the actions of the body. The 
&ct tibat we can, in some degree, control the thoughts, is in- 
disputable ; haw we do so is not so clear. 

The power of keeping up one train of thought, is analo- 
gous to that of keeping up one course of muscular action. 
We cling to certain ideas because they are pleasant, or in- 
terest us, or because some remote pain or pleasure stimu- 
lates us ; and we repress all other thoughts as they arise, 
just as we should repress movements which disturbed a 
pleasurable sensation. It is notorious that we cannot call 
up any one idea at will ; but having once got hold of the 
idea, we can keep it before the mind. What Mr. Bain has 
said when treating of the intellectual process named by him 
" constructive association," seems to us the true explanation 
of tUl command over the thought : — 

"When Watt invented his 'parallel motion' for the 
steam-engine, his intellect and observation were kept at 
work, going out in all directions for the chance of some 
suitable combination rising to view ; his sense of the precise 
thing to be done was the constant touchstone of every con- 
trivanoe occurring to him, and all the successive sugges- 
tiou were arrested, or repelled, as they came near to, or 
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disagreed with, this touchstone. The attraction and repul- 
sion were purely volitional effects ; they were the continu- 
ance of the very same energy that, in his babyhood, made 
him keep his mouth to his mother's breast while he felt hun- 
ger unappeased, and withdraw it when satisfied, or that 
made him roll a sugary morsel in his mouth, and let 
drop or violently eject what was bitter or nauseous. The 
promptitude that we display in setting aside or ignoring 
what is seen not to answer our present wants, is volition, 
pure, perennial, and unmodified ; the power seen in our in- 
fant struggles for nourishment and warmth, or the riddance 
of acute pain, and presiding over the last endeavours to ease 
the agonies of suffering. No formal resolution of the mind, 
adopted after consideration or debate, no special intervention 
of the * ego,' or the personality, is essential to this putting 
forth of the energy of retaining on the one hand, or repu- 
diating on the other, what is felt to be clearly suitable, or 
clearly misuitable, to the feelings or aims of the moment. 
The inventor sees the incongruity of a proposal, and forth- 
with it vanishes from his view. There may be extraneous 
considerations happening to keep it up in spite of the voli- 
tional stroke of repudiation, but the genuine tendency of the 
mind is to withdraw all further consideration, on the mere 
motive of unsuitability ; while some other scheme of an op- 
posite nature is, by the same instinct, embraced and held 
fast. In all these new constructions, be they mechanical, 
verbal, scientific, practical, or sesthetical, the outgoings of the 
mind are necessarily at random ; the end alone is the thing 
that is clear to the view, and with that there is a perception 
of the fitness of every passing suggestion. The volitional 
energy keeps up the attention, or the active search, and the 
moment that anything in point rises before the mind, 
springs upon that like a wild beast on its prey." 

Nowhere has Mr. Bain expressed himself categorically 
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respecting the difference between voluntary and involuntary 
actions ; but he assumes the difference, and, implicitly at 
least, he makes it depend on the establishment of the link of 
feeling. " Voluntary actions," he says, in the nearest ap- 
proach to a definition we can recall, *' are distinguished from 
reflex and spontaneous activity by the directive intervention 
of a feeling in their production,^^ In denying the interven- 
tion of sensation in reflex-actions, he only follows the cur- 
rent theory ; but unless he separates the involuntary from 
reflex and spontaneous actions, he falls into manifest contra- 
diction with his own principles, in making the intervention 
of feeling the mark of a voluntary act. We have endeav- 
oured to show that both voluntary and involuntary actions 
are reflex, following upon the stimulus given to their cen- 
tres, that stimulus being sensational or ideational. Nor is 
this all : they are both capable of being brought under con- 
trol — ^that is to say, of being restrained or originated by the 
influence of some other centre. That we do not habitually 
control (that is, interfere with) the action of the heart, the 
contraction of the iris, or the activity of a gland, is true ; it 
is on this account that such actions are called involuntary ; 
they obey the immediate stimulus. But it is an error to 
assert, as most physiologists and psychologists persist in 
asserting, that these actions cannot be controlled, that they 
are altogether beyond the interference of other centres, and 
cannot by any effort of ours be modified. It is an error to 
suppose these actions are essentially distinguished from the 
voluntary movement of the hands. We have acquired a 
power of definite direction in the movements of the hands, 
which renders them obedient to our will ; but this acquisi- 
tiott has been of slow laborious growth. If we were asked 
to use our toes as we use our fingers — to grasp, paint, sew, 
or write with them, we should find it not less impossible to 
oontrol the movements of the toes in these directions, than 
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to contract the iris, or cause a burst of perspiration to break 
forth. Certain movements of the toes are possible to us ; 
but unless the loss of our fingers has made it necessary that 
we should use our toes in complicated and slowly acquired 
movements, we can do no more with them than the young 
infant can do with his fingers. Yet men and women have 
written, sewed, and painted with their toes. All that is re- 
quired is that certain links should be established between 
sensations and movements ; by continual practice these links 
are established ; and what is impossible to the majority of 
men, becomes easy to the individual who has acquired this 
power. This same power can be acquired over what are 
called the organic actions ; although the habitual needs of 
life do not tend towards such acquisition, and without some 
strong current setting in that direction, or some peculiarity 
of organisation rendering it easy, it is not acquired. In ordi- 
nary experience the number of those who can write with 
their toes is extremely rare, the urgent necessity which 
would create such a power being rare ; and rare also are the 
examples of those who have any control over the movement 
of the iris, or the action of a gland ; but both rarities exits. 
It would be difficult to choose a more striking example 
of reflex-action than the contraction of the iris of the eye 
under the stimulus of light ; and to ordinary men, having 
no link established which would guide them, it is utterly im- 
possible to close the iris by any effort. It would be not 
less impossible to the hungry child to get on the chair and 
reach the food on the table, until that child had learned how 
to do so. Yet there are men who have learned how to con- 
tract the iris. The celebrated Fontana had this power; 
which is possessed also by a medical man, now living at 
Kilmarnock — Dr. Paxton — a fact authenticated by no less a 
person that Dr. Allen Thomson.* Dr. Paxton can contract 

* Olasgoto Medical Journal^ 1857, p. 461. 
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or expand the iris at will, without changing the position of 
his eye, and without an effort of adaptation to distance. 

To move the ears is impossible to most men. Yet some 
do it with ease, and all can learn to do it. Some men have 
learned to "ruminate" their food; others to vomit with 
ease ; and some are said to have the power of perspiring at 
will.* That many glands are under the influence of the 
Will — ^in other words, that we can stimulate them to secre- 
tion by a mere ideal stimulus — is too well known to need 
instance here. Even the beating of the heart can be 
arrested. The heart has its own nervous system. The 
minute ganglia imbedded in substance regulate its rhythmic 
movements ; and long after death the heart is seen to beat. 
But although thus independent, it is also dependent : its 
nervous system is in connection with the spinal chord and 
brain ; and influences from these will act upon it (see p. 129). 
Thus it is that emotions agitate the heart ; the disturbance 
of its movements comes from the interference of brain or 
chord. Now, if once we recognise a channel of sensation, 
we recognise a possible source of control ; and if the daily 
needs of life were such that to fulfil some purpose the action 
of the heart required control, we should learn to control it. 
Some men have, without such needs, learned how to control 
it. The eminent physiologist, E. F. Weber of Leipzig, 
found that he could completely check the beating of his 
heart. By suspending his breath, and violently contracting 
his ohest, he could retard the pulsations ; and after three or 
five beats, unaccompanied by any of the usual soimds, it 
was completely still. On one occasion he carried the experi- 
ment too far, and fell into a syncope. Cheyne, in the last 
oentury, recorded a case of a patient of his own who could 
at will suspend the beating of his pulse, and always fainted 
when he did so. 

* Matjb : Die dementarorgtmixatUm des SeelenorgarUf p. 12, is the aothority 
for the tibt etatement. 
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It thus appears that eyen the actions which most distinctly 
bear the character recognised as involuntary — ^uncontrollable 
— ^are only so because the ordinary processes of life fiimish 
no necessity for their control. We do not learn to control 
them, though we could do so, to some extent ; nor do we 
learn to control the motions of our ears and toes, although 
we could do so. And while it appears that the involuntary 
actions can become voluntary, it is familiar to all that the 
voluntary actions tend, by constant repetition, to become 
involuntary, and are then called secondarily automatic. 

The conclusion at which we arrive is this: Popular 
language conveniently classes actions as voluntary, when a 
distinct conception of the object to be achieved accompanies 
or originates them. But Psychology and Physiology, de- 
scending deeper than such classifications, and analysing the 
process which takes place in the organism, declare that all 
actions whatever are the responses of organs to the stimulus 
of their nerve-centres. Whether the action be' the move- 
ment of a muscle or the secretion of a gland, it is finally 
determined by the centre from which the organ is supplied. 
This centre may be stimulated by a sensory nerve going 
from the surface — ^as when the salivary gland pours out its 
secretion after the stimulus of food, or the limb contracts 
on the stimulus of pain. The centre may also be stimu- 
lated by the action of some other centre : as when the idea 
of food causes a flow of saliva ; or an irritation of the sali- 
vary gland causes a flow of gastric juice. But whether the 
action results from a direct or an indirect stimulus, it is 
always the same response of an organ to its centre ; whether 
the starting-point be an idea, or a sensation, the final issue 
is an excitation of the particular centre, and the response 
of a particular action.* We cannot separate some actions 

* In the valuable work by M. Landbt— 7Vat7^ dea ParaltfaieSf the first part 
of which appeared while these sheets were at the priiiter>8->there is a view of 
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from Others, and call them voluntary, merely because they 
are dependent on a link of feeling, since all actions are 
dependent on sensation. And if any reader objects to such 
a conclusion on the ground that it makes the Soul animate 
the whole body, and preside over all its actions, not simply 
over a few of them — ^if he objects that we are thereby retro- 
grading towards the doctrine of Stahl— our reply is : we 
must follow Logic whither Logic leads. Any reader who is 
uncomfortable at the idea of retrograding, who is unwilling to 
believe that all the phenomena of his sensitive organism have 
one common source, one kindred nature, and one common 
name — the soul — ^is at perfect liberty to try and reach some 
other conviction which, besides being more agreeable to his 
feelings, will better explain the facts. It is a topic on which 
no man will, wisely, dogmatise. The veil of mystery will 
never be lifted. We, who stand before that veil, and specu- 
late as to what is behind it, can but build systems ; we 
cannot see the truth. 

VL The Spinal Chord as a Sensational, Volitional 
Cbntbs. — ^The ground has now been fairly cleared for a 
most important inquiry, one not only essential to the argu- 
ment against the Brain as the exclusive organ of the Mind, 
but also essential to the right understanding of most ques- 
tions relating to nervous phenomena. It was necessary that 
we should first come to a distinct understanding about the 
B^ex-Theory ; because while, on the one hand, that Theory 
relied for support on the facts which showed that the Spinal 
Chord was an independent centre, acting as well without the 
Brain as with it — and hence its actions were assumed to be 

▼olnntary, inyolontary and reflex actionB, almost identical with the one given 
abore. Indeed, although M. Landrt^s language, and his psychological opinions 
generally, aooord with cnrrent doctrines, the physiological conclusions to which 
his rei— rehea have e<Hiduoted him agree, in the main, with those I have 
toeatahlidi. 

25 
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independent of sensation; — on the other hand, the facts 
which unequivocally declare that the Spinal Chord is a sensa- 
tional centre, were set aside, and explained away, as being 
" merely reflex." To prove that reflex-actions are indepen- 
dent of sensation, it is first necessary to prove that the 
actions of the Spinal Chord are independent of sensation. 
This has never been proved : it has been assumed ; and 
assumed in the face of opposing evidence. I shall now 
endeavour to show that the Spinal Chord is a sensational 
centre ; a conclusion which would give the final blow to the 
Reflex-Theory. 

1. Views of earlier Writers. — Although the reasons for 
the opinion maintained in these pages respecting the funda- 
mental agreement of all nerve-centres, have not, I believe, 
before been applied to the functions of the Spinal Chord, 
the opinion itself, of the sensational functions of the chord, 
is by no means new. Robert Whytt maintained it. Pro- 
chaska, as we have seen, held that the spinal chord formed 
the greater part of the sensorium commune ; and he adduced, 
in proof, the familiar facts of sensibility manifested by head- 
less animals. The next writer, whom I can discover to 
have held this opinion, is J. J. Sue — the father of the cele- 
brated French romance-writer — who, in 1803, conceived that 
his experiments proved the Spinal Chord to be capable of 
replacing, to a certain extent, the functions of the Brain.* 
Next came Legallois,f who undertook to show, by a series 
of experiments, that the principle of sensation and move- 
ment, in the trunk and extremities, has its seat in the 
Spinal Chord. The mere division of the chord, he said, pro- 
duces " the astonishing result of an animal, in which the 

* Sue : Recerchea Philosophiqttes aur la VitaliU et le Galvanisme^ p. 9. He was 
not coneiBtent, howeyer, but adopted Bichat's opinion respective the Benslbility 
of the viscera, p. 68. 

t Leoallois : Expfriences aur leprincipe de la vie. Published, I conclude, in 
1811 ; the edition I use is the one printed in the Encydopidie dea Seienua Medi 
calea, iv. 
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head and the body enjoyed separate vitality, the head living 
as if the body did not exist, and the body living as if the 
head did not exist. Guinea-pigs, after decapitation, seem 
very sensitive to the pain caused by the wound in the neck ; 
they alternately carry first one hind-leg, and then the other, 
to the spot, as if to scratch it. Kittens also do the same." 

A few years afterwards, 1817, Dr. Wilson Philip con- 
cluded that " the spinal marrow possesses sensorial power, as 
appears from very simple experiments ; " but he held the 
Brain to be the chief source of sensorial power.* The fol- 
lowing year, Lallemand supported this opinion by the very 
curious phenomena exhibited by infants born without brains : 
these in&nts breathed, swallowed, sucked, squalled, and gave 
very unequivocal signs of sensibility. The value of such 
observations consists in disproving the objection frequently 
ui^ed against the evidence of decapitated animals, namely, 
that in these animals the Spinal Chord preserves the remains 
of a sensibility endowed by the Brain. 

Longet here places an observation recorded by Beyer, 
A new-born infant, whose brain, during the birth, had been 
completely extirpated (to save the mother's life), was 
wrapped in a towel, and placed in the comer of the room, 
as a lifeless mass. "While the surgeon was giving all his 
care to the mother, he heard with horror a kind of murmur 
proceeding from the spot where the body had been placed. 
In three minutes a distinct cry was heard. The towel was 
removed, and, to the surprise of all, this brainless infant 
was seen struggling with rapid movements of its arms and 
1^. It cried, and gave other signs of sensibility for several 
minutes.f 

In 1828, Calmeil arrived at the same conclusion as that 

• WiLSOH Philip : Experimental Inquiry into the Laws qf the Vital Functional 
pp. 200, 210. 

t LoxQBT : Traiti de Phynologie^ ii. 106. j 
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reached hj Legallois, Wilson Philip, and Lallemand. In^ 
deed when, in 1833, the Reflex-Theory appeared, this opinion 
was so firmly rooted, that we find Mr. Grainger combating 
it as the established error of the day. He takes as much 
pains to show that physiologists are wrong in attributing 
sensation to the Spinal Chord, as I am here taking to show 
that they were right.* " It is, indeed, apparent," he says, 
'' that the whole question concerning the truth or falsehood 
of the theory which attributes the reflex power to the Spinal 
Chord, hinges upon the correctness or incorrectness of the 
received doctrines respecting the seat of sensation and voli- 
tion ; so that until those doctrines are proved to be fidse, it 
is impossible to establish the hypothesis of Dr. Hall." f 

The reader is requested to take note of this, because 
when we come to the evidence which proves the Spinal 
Chord to be a centre of sensation, we shall find that the only 
ground for rejecting that evidence is the assumed truth of 
the Reflex-Theory, coupled with the assumption of the Bram 
being the exclusive seat of sensation. Whereas if the evi- 
dence proves that the Spinal Chord is a. sensational centre, 
then the Reflex-Theory is destroyed, and cannot be urged 
against such evidence. 

Thus many of the facts which prove the sensational 
fimction of the Spinal Chord were known, and even a vague 
conception of their real significance was general, until the 
Reflex-Theory came to explain all such foots as the results 
of mechanical adjustment, and of a new nervous principle , 
called " Reflexion." For twenty years this theory has 
reigned, and met with but little opposition. Yet the true 
doctrine has not wanted defenders in Germany.J Nasse 
denied that decapitated animals showed no spontaneity, and 

* He cites Cnvier, Mt^endie, DesmouUna, and Mayo as maintainlDg this 
error. 

t Qhainqbb : Structure and Fhtnctiotu of the Spinal Chords p. 08. 
t Nassb : Unters. zur Phynologie und Pathologic^ vol. 11. part 2. 
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asserted that they exhibited dear signs of mental activity. 
Carus sarcastically pointed out that the word " reflex " was 
replacing " irritability," as a key to unlock all puzzles ; and 
he took up a position, which is very similar to the one occu- 
pied in these pages, namely, that the Spinal Chord being 
formed of grey matter as well as of fibres, it must have 
sensibility and power of reacting on nervous stimulus, no 
less than conductibility : in fact, it is a centre, and must act 
like all other nerve-centres.* J. W. Arnold refuted the 
Reflex-Theory in a very remarkable little work, in which he 
vindicates the claim of the Spinal Chord as a sensitive and 
motive centre, although denying to its actions any volitional 
character.! This was in 1844. Eleven years elapsed with- 
out any further opposition, when Edward Pfliiger, in 1853, 
published his work on the Sensorial Functions of the Spinal 
Chord.J In this work he recurred to the old views of 
Prochaska and Legallois ; but although he attacked Marshall 
Hall with merciless severity, he did not point out the funda- 
mental error of the Reflex-Theory, which theory he seems 
to accept. Nor did he give his views that philosophical 
and anatomical basis which could alone render his interpre- 
tations acceptable. Added to this, the tone of asperity in 
which his work was written, created a prejudice against him ; 
and thus, while many admitted his facts, all rejected his con- 
dusions.§ 

In 1858 Professor Owen read a paper of mine at the 
Leeds meeting of the British Association, on " The Spinal 
Chord as a Centre of Sensation and Volition," in which a 
rapid indication of my point of view, and an account of 

• Cabvs : System der Physiologie, ill. 101. 

t J. W. Arhold : Die Lehre von der JR^ex-Function, 86. 

t FFLtOKR : Die sensorischen Functionen des RiUkenmarks der WirheU 
ikiere. 

f Except AvBRBACH, "who repeated and yaried the experiments', and 
FmncB, -who partially adopted the conclusioiia in his Bystematic treatise on 
Pbyiiology. 
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some experiments to illustrate it, were given — not, I believe, 
conclusive to any of the audience. Indeed, the subject was 
too vast to be discussed in such a paper ; and my object was 
rather to excite new inquiry, than to make converts to a 
view which could only be embraced after a thorough rein- 
vestigation of the dominant theories. 

In 1859 appeared Schiff's work, to which so many re- 
ferences have already been made ; * and here we find a large 
space allotted to the discussion of PfltLger's doctrine. Schiff, 
whose immense experience as an experimentalist, and 
whose acuteness and caution, every one will highly estimate, 
frankly pronounces in favour of the sensational character 
of spinal actions ; but he denies that they are volitional, 
and objects strongly to the introduction of any such idea as 
that of " psychical activity." He thinks it utterly unteor 
able to suppose that impressions have reactions in the brain 
which they have not in the Spinal Chord : — if one has sen- 
sibility, the other must have it ; and he thinks that, so &r 
from the actions of the chord being distinguishable from 
those of the Brain by the character of "reflexion," and 
depending on a mechanical arrangement — all actions, cere- 
bral or spinal, are reflex ; all depend on a mechanical ar- 
rangement, f 

From this sketch of the history, let us now pass to the 
evidence on which the sensational character of the Spinal 
Chord may be founded. The evidence may be considered 
under two aspects — argument and experiment; deduction , 
and induction. 

2. The Deductive Evidence, — ^In the course of our in- 

♦ ScHiFF : Lehrbuch des Physiol., 208. 

t The very latest writer on the spinal chord— Lavdrt : TYaiti dea Paraljfwiet 



—maintains that it is a centre of sensation, and that there is in it a faoulty 
logoiM to the perception and Judgment of the brain. Compare pp. 163 et acq, and 
805. He also cites an essay by Dr. Paton of Edinburgh iEdinbugh Medietd 
Journal, 184dX in which the sensational and Tolltional claims of the spinal chord 
are advanced. 
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quiry, we have had so many occasions to notice incidentally 
the various points of the deductive evidence which establishes 
the fundamental similarity of the brain and chord, that it 
will not be necessary here to do more than resume them. 

Similarity in structure implies similarity in property ; 
and the ganglionic substance of the Chord being of a similar 
structure to the ganglionic substance of the Brain, there 
must necessarily be a community of property between 
them.* It is true that there are some considerable dif- 
ferences in the arrangement of the tissues, in the cerebral and 
spinal centres ; and this, at first, might raise the suspicion 
that the properties of the two would correspondingly differ. 
But the nervous system of animals reveals that the mere 
presence of nerve-fires and ganglionic substance is all that 
is requisite for the production of sensibility and volition, 
quite irrespective of any arrangement of these elements. 
And further, we know that the Medulla Oblongata is a seat 
of Sensibility, yet the arrangement of its elements is ex- 
tremely unlike that of the Brain. 

It has already been seen that the Medulla Oblongata is 
admitted by physiologists to be a seat of sensibility. But 
we have also seen that this Medulla is a part of the Spinal 
Chord, having the same constituent parts, with a surplus of 

* While these sheets are passing through the press, I have read OwsjAiriri- 
Kow^s dissertation— i>e MedulUb Spinalis Textura—in -which he hriefly hut dls* 
ttnotly expresses the* opinion so often urged in these pages, that ganglionic cells 
most everywhere have the same property ; and the brain, being nothing but a 
tauuM of snch cells and fibres, most resemble every other mass of such cells and 
fibres. " Mibi enim oerebmm non videtur esse nisi massa, imprimi, ex ingenti 
cellularum nervearum nomero fibrisque ex illifi originem dooentibus composita. 
Itaque in hisee oellnlis altiores fonctiones tom corporis turn animi repositas sunt. 
QiMB eelhUa utrum in unam catervam^ plureave eeuque majores coUecta. »int^ au per 
totum eorptu disperatt reperiantur, tanti non interest^ dummodo /acuitttSy qua 
pradUm aunt^ eadem moMeo/.'*— p. 03. If the anatomical fact annonncod by him 
at pa^e 17 should be established— namely, that the same cell by its two processes 
la the origin of both anterior and posterior fibres— it wonld complete my view 
of the identiity of the MM»lled sensory and motor nerves. But although the fact 
VDuld futt my theory, I cannot convince myself of its accuracy. 
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grey matter, the two forming one indistinguishable whole * 
The Medulla is as much a part of the Spinal Chord as the 
skull is a part of the cranio-spinal axis. No anatomist 
now finds any difficulty in conceiving how the various sepa 
rate bones which constitute the vertebral column may diffei 
so widely in form, as at one end to become a tail, and at 
the other a skull ; nor does he for an instant suppose that 
the properties of these bones differ at one end of the column 
and the other; nor that the functions or uses of these 
bones — ^protecting the enclosed nerve-centres, and affording 
attachments to muscles — are not fimdamentally similar. A 
man would incur ridicule if he were to assert that the os 
frontis was essentially unlike the os coccygis, in properties 
as bone. Yet men do not scruple to maintain that the 
upper part of the Spinal Chord has the property of Sensi- 
bility, which they deny to the lower part ; although the 
difference between the two is merely one of form, and is 
considerably less than the difference between two bones. 
No one is bold enough to assert that the upper part of a 
muscle is contractile, while the lower part is not so at all. 
Yet this is really very little more than asserting that the 
Medulla has sensibility, but the Spinal Chord has none. 

Mr. Grainger is the only writer, whom I can remember 
to have avoided this grave logical error. He maintains, and 
justly, that the difference between the Medulla and the 
chord is one of degree only, not of kind ; and it is on this 
ground that he denies the Medulla to be a seat of sensation, 
because the chord, he thinks, is proved not to be sensitive. 
I hold that both are seats of sensation ; or else, as he says, 
that neither is. 

* If any one, misled by certain unimportant differenceB, is inclined to dis- 
pute tbia identity of the Medulla and the Chord, he is recommended to slndy the 
comparative anatomy of the cerebro-spinal axis, and he will find on reaching the 
frog, triton, lizard, and probably all other reptiles, that all trace of the Mednlla 
as a distinct organ has disappeared : it is then nothing but the upper part of the 
ciord. 
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The only ground for denying that the actions of decapi- 
tated animals are determined by sensation, is because the 
Brain, or encephalon, is believed to be the sole seat of sensa 
tion. To explain the resemblance between the actions of 
animals with and without their brains, a theory is invented, 
which says : These actions are reflex ; but in the uninjured 
animal there is reflex-action plus the transmission of an im- 
pression to the brain, and it is this which produces sensation ; 
in the headless animal we see reflex-action, minus the tran^ 
mission to the Brain. 

As a logical deduction from the assumption that only 
the brain can be the seat of sensation, this theory is perfect. 
Unhappily for it, the facts contradict the assumption ; they 
show that sensation and volition are manifested where there 
is no Brain. Moreover, the assumption of reflej^-action 
taking place without sensation, is made on a false analogy 
of the vital mechanism with an ordinary mechanism. 
When facts show, as we shall presently see, that decapitated 
animals manifest the same kind of evidence of sensation 
and volition, as is manifested by the same animals with their 
heads on, the assumption that they cannot feel, because their 
heads are off, is rather arbitrary. 

A gentleman was one day stoutly asserting that there 
were no gold-fields except in Mexico and Peru. A nugget, 
dug up in California, was presented to him, as evidence 
against his positive assertion. He was not in the least 
disconcerted. " This metal, sir, is, I own, extremely like 
gold ; and you tell me that it passes as such in the market, 
having been declared by the assayers to be undistinguishable 
from the precious metal. All this I will not dispute. 
Nevertheless, the metal is not gold, but auruminium; it 
cannot be gold, because gold c )mes only from Mexico and 
Peru." In vain was he informed that the geological forma- 
tion was similar in California and Peru, and the metals i 

26* ' 
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similar ; he had fixed in his mind the conclusion that gold 
existed only in Mexico and Peru : this was a law of nature ; 
he had no reasons to give why it should be so ; but sudi 
had been the admitted fact for many years, and from it he 
would not swerve. He was not fond of newfangled notions, 
which, afler all, would only lead us back to the exploded 
errors of the past. To accept the statement that gold was 
to be found elsewhere than in Mexico and Peru, would be 
to return to the opinion of the ancients, who thought there 
was gold in the upper regions of Tartary ! 

Sensation is not tangible, assayable, like gold. We 
can understand, therefore, that the very men who would 
make merry with the auruminium, would accept easily such 
a phrase as ^' reflex-action." The decapitated animal defends 
itself gainst injury, gets out of the way of annoyances, 
cleans itself, performs many of its ordinary actions, but is 
said to do these things without that Sensibility which, if 
its head were on, would guide them. Even before the 
Reflex-Theory was invented, this line of argument was used. 
Gall, referring to the experiments of Sue, previously noticed, 
says that "Sue confounds the effects of Irritability with 
those of Sensibility."* Not gold, dear sir, but auru- 
minium ! 

This denial of sensation to the decapitated animal is 
something like what the missionary Williams tells us of the 
Fijian philosophy. The body of a dying man in Fiji is laid 
out several hours before actual death. " I have known one 
take food aflerwards ; and another who lived eighteen hours 
after. All this time, in the opinion of a Fijian, the man 
was dead. Eating, drinking, and talking, he says, are the 
involuntary actions of the body— of the * empty shell,' as 
he calls it — ^the soul having taken its departure." f 

* Gall ct Spurzheim : Anat. et Physiol, du St/3temt.NerveuXi i, 83. 
t Williams : Fiji and the Fijians, 1. 88. 
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3. The Indttctive Evidence. — ^We have now to consider 
the proofs furnished by observation. In using the word 
proofs as applied to such investigations, we must be under- 
stood as implying the kind of proof which, in the nature of 
things, can be had, and not the kind of proof to be had in 
physics, or chemistry. SchifT is right in saying that no 
demonstration is possible in such cases. Feeling is purely 
subjective. That others feel, as we feel, is to us a matter 
of positive conviction, but can never be a matter of demon- 
stration. We conclude that other men feel as we feel, 
because they act as we act. This conclusion is extended to 
animals : the resemblance of their acts to our own, under 
dmilar conditions, forces on us the conviction that they also 
resemble us in feeling. This conclusion, although purely 
inductive, is so strong that there are few theorists, even for 
the sake of a theory, who can believe animals to be machines 
destitute of all sensation. Nevertheless, we have no proofs 
rigorously speaking, that any animal feels ; none that any 
human being feels ; we conclude that men feel, from certain 
external manifestations, which resemble our own, under feel- 
ing ; and we conclude that animals feel — on similar grounds. 

Now, inasmuch as the actions of animals furnish us whh 
our sole evidence for the belief in their feeling, and this 
evidence is universally considered as scientifically valid, it 
is clear that similar actions in decapitated animals will be 
equally valid ; and when I speak of proof, it is in this sense. 
Spontaneity and choice are two signs which we all accept as 
conclusive of sensation and volition. The dog rising from 
the ground, and walking away, not being called or driven 
away, is justly supposed to manifest spontaneity and voli- 
tion. He is doubtless moved by some internal stimulus, of 
sensation or idea ; but because the stimulus is not external, 
we call the action spontaneous. No action can be self 
determined. The law of Causation forces us to assume that 
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every action is preceded by some stimulus, internal or ex- 
ternal. Without entering on a metaphysical discussion erf* 
spontaneity, we may conveniently class all actions which 
are determined by some internal stimulus, sensational or 
ideational, as spontaneous, in distinction from actions deter- 
mined by some external stimulus : the dog leaps from a 
chair spontaneously ; but when pushed from it, the action 
is not spontaneous. 

Choice is another sign peculiar to conscious organisms. 
In a mechanism, without sensation to determine its actions, 
there is absolute uniformity : the same note always responds 
to the same key, the same wheels are set going in the same 
order ; there is no suspension of one course of action, and 
substitution of another, such as we observe in tiie vital 
mechanism. It is difficult to determine what choice is, but 
if we say that whenever an animal brings new actions into 
play, to accomplish an end which it has previously missed, 
whenever it ceases one set of actions, and stibatitutes several 
others, until a successM issue is reached, it manifests voli- 
tion. Indeed this, as we previously saw, constitutes a 
voluntary action. Philosophers have not yet agreed on the 
nature of volition ; but all men will admit that when they 
observe a monkey, who has burnt his paws, seize an unsus- 
pecting cat, and with her paws reach the chestnuts, a volun- 
tary action is before them. If a tickling in your throat 
excites the action of coughing, and when this coughing does 
not succeed, if you swallow some water, this choice of new 
means is assuredly the sign of a voluntary act. 

Thus, escaping from all metaphysical ambiguities, we 
may assume* that spontaneity and choice are two palpable 
signs by which to recognise the presence of sensation and 
volition. Without pretending to know what takes place 
within an animal, we may feel confident that if its actions 
manifest spontaneity and choice, they are not the mere 
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results of mechanical adjustment, but have in them the 
elements of sensation and volition. Our task, then, is to 
ascertain whether animals, after decapitation, manifest these 
palpable signs. 

It is emphatically asserted by the advocates of the 
Reflex-Theory that spontaneity is utterly absent in decap- 
itated animals.* This statement I have already shown to 
be erroneous (p. 161) ; but I will here add further evidence. 
I decapitated a toad and a triton; and merely divided 
the spinal chord of a frog and another triton. The four 
were placed in the same pan. At first the spontaneous 
movements of the decapitated pair were insignificant ; but 
on the second day the headless toad was quite as lively and 
restless as the frog with a head ; and the headless triton little 
less so than his companion with a head. I have at this 
moment a frc^ whose chord has been divided, for some 
weeks : he remains almost immovable unless touched ; he is 
generally found in the same spot, and in the same attitude 
to-day as yesterday, unless touched, or the table is shaken. 
I notice that he occasionally moves one of his fore-legs; 
occasionally one of his hind-legs ; but without changing his 
position. If he were headless, this quiescence w^-li be 
cited as a proof of the absence of spontaneity ; whereas I 
have had a headless companion with him, who very fre- 
quently moved about. 

It should be observed that an animal without its head is 
without the various stimuli, which can be received through 
sight, smell, and hearing, each of which will determine 
movements; it is therefore necessarily quiescent, unless 
some of its visceral sensations stimulate it. And it is to 
the variety of states which may be determined by changes 
in the circulation, and the conditions of the viscera, that the 
great variety in the actions of decapitated animals must be 

• Marshall Hall : Neto Memoir^ 35. Obainobb, 149. 
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attributed. Some never move^ but die quietly on the spot 
where they were left; others are restless; others move 
occasionally. Nevertheless I affirm that attentive and re- 
peated examination of decapitated animals will furnish 
abundant evidence of spontaneous action.* 

Let us now pass on to choice. Place a child of two or 
three years old upon his back, and tickle his right cheek 
with a feather. He will probably move his head away. 
Continue tickling, and he will rub the spot with his right 
hand, never using the left hand for the right cheek, so long 
as the right hand is free ; but if you hold his right hand, he 
will use the left. Does any one dispute the voluntary 
character of these actions ? 

Now contrast the actions of the sleeping diild under 
similar circumstances, and their sequence will be precisely 
similar. This contrast is the more illustrative, because 
physiologists generally assume that in sleep consciousness 
and volition are suspended, '' The brain sleeps, the spinal 
chord never ; volition and sensation may be suspended, but 
not reflex-action." This proposition is extremely questiona- 
ble; yet it is indispensable to the reflex-theory; because 
u^ -«s sensation and volition are suspended during sleep, we 
must admit that they can act, without at the same time call- 
ing into activity that cerebral sensibility, which, in ordinary 
language, is supposed to constitute all consciousness. The 
child moves in his sleep, defends himself in his sleep ; but 
he is not " aware " of it : that is to say, the actions are not 
combined with those cerebral sensibilities, which would 
come into play in waking moments. The spinal sensibility 
acts without the cerebral sensibility ; but tiie actions are 
nevertheless determined by sensation and volition. 

"Children," says Pfliiger, "sleep more soundly than 
adults, and seem to be more sensitive in sleep. I tidded 

* Landrt : TVaiti dea ParalyBxea^ p. 305, also believes the Spinal Chord to 
originate Bpontaneotu inoyoments. 
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the right nostril of a three-year-old boy. He at once raised 
his right hand to push me away, and then rubbed the place. 
When I tickled his lefl nostril he raised the lefl hand. I 
then softly drew both arms down, and laid them close to 
the body, imbedding the left arm in the clothes, and placing 
on it a pillow, by gentle pressure on which I could keep the 
arm down without awakening him. Having done this I 
tickled his left nostril. He at once began to move the im- 
prisoned arm, but could not reach his face with it, because I 
held it firmly though gently down. He now drew his head 
aside, and I continued tickling, whereupon he raised the right 
hand, and with it rubbed the left nostril — an action he never 
performed when the lefl hand was free." 

This simple but ingenious experiment establishes one 
important point, namely, that the so-called reflex-actions 
observed in sleep are determined by sensation and volition. 
The sleeping child behaves exactly as the waking child 
behaved ; the only difference being in the energy and rapidi- 
ty of the actions. If the waking child felt and willed, surely 
the sleeping child, when it performed precisely similar ac- 
tions, cannot be said to have felt nothing, willed nothing ? 
It is not at one moment a conscious organism, and at the 
next an unconscious mechanism. 

It is possible to meet this case by assuming that the 
child was nearly awake, and that a dim consciousness was 
aroused by the tickling, so that the cerebral activity was in 
fact awakened. But, plausible as this explanation may be, 
it altogether fails when we come to experiments on decapi- 
tated animals. If any one will institute a series of such ex- 
periments, taking care to compare the actions of the animal 
before and after decapitation, he will perceive that there is 
no more difference between them than between those of the 
sleeping and the waking child.* 

* It is better simply to romore the brain, than to remove the whole head, 
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The following may serve as a sample : I placed a Jarge 
and very vigorous triton in an empty cigar-box, and noted 
down in my note-book the various actions it performed. 
After running about, and vainly trying to escape, it seemed 
to resign itself to its prison, and with the apathy character- 
istic of these creatures, remained quite motionless for some 
time. While thus resting, it occasionally moved its tail, or 
raised its head, and turned it round. Then it took a single 
step forwards, and stood still again. It then moved three 
steps forward, and rested. I touched its foot gently with the 
scissors, and the foot was slowly withdrawn, but the animal 
never moved. I touched it three times rapidly, but gently, 
and this produced a slow crawl. I pressed the scissors, and it 
at once started off in a rapid run. I next touched its flank 
with acetic acid. It ran about manifesting great discomfort, 
but showed no intention of rubbing the acid away with its foot 
— as the frog always does — indeed it seemed as unable to 
protect itself against the unpleasant sensation, as a baby is 
when a needle in its frock is pricking it : the pain produced 
a general agitation, but no voluntary act. At length, how- 
ever, on a second application of acid, while running about, 
its flank came accidentally in contact with the side of the box, 
and the sensation seemed to guide the animal to a voluntary 
act, for it now continued crawling along, rubbing its flank 
against the rough wood, until the acid was all rubbed ofl*, or 
the sensation had abated. Here was the link of feeling — 
the continuance of an action once begun — which we have al- 
ready seen to characterise voluntary actions. 

I now cut off* its head, at the articulation of the occiput 

which causes a serious loss of blood. An etherised animal may be operated on 
with ease and accuracy. For many experiments, mere diyision of the spinal 
chord is better than decapitation. Great variations in the results must be ex- 
pected, because the condition of the animal, its age and sex— whether fluting or 
digesting— whether the season be spring or summer— and a hundred other 
causes, complicate the experiment. 
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with the atlas, sparing the lower jaw, to save the loss of 
blood. It dropped on the left side, with the fore-legs 
pressed close to its body. Three-and-twenty minutes after 
the operation, it began to move the left hind-leg feebly ; still, 
however, lying on its side. Four minutes after, the right 
1^ began to move. Presently it rose on all fours, and 
turned round the remnant of its head, raising it also in the 
fur, as if seeking something. It then relapsed into motion- 
lessness. After eighteen minutes of rest it once more raised 
neck and shoulders, and began to move forward. After a 
pause the tail began to move backwards and forwards. It 
then crawled two steps. Finally its movements became 
sufficiently energetic for it to crawl a distance of two inches 
without pausing. Having allowed it to recover itself, I re- 
peated the tests of sensibility, which had been employed be- 
fore decapitation. The reactions were precisely similar. 
When the foot was gently touched, it was languidly with- 
drawn ; when irritated, the animal moved ; when the foot 
was pressed on by the scissors, an energetic movement fol- 
lowed ; and when acetic acid was applied, the animal almost 
ran. I now waited half an hour, and then touched its flank 
with acetic acid ; as on the former occasion, this made it 
very agitated ; but its movements were disorderly, and 
helpless. In vain I watched, expecting to see it rub its 
flank against the side of the box ; it curled itself in the cen- 
tre, and there writhed. I now gently pushed it towards the 
side, but it remained motionless ; when, however, I slowly 
pushed it forwards, so that its flank might rub the side, the 
" sensational link,** seemed established, for the animal now 
crawled slowly along, pausing at intervals, its body curved 
inwards towards the wood, and thus rubbed the acid away.* 

• Thi§ was the only triton I ever observed to get rid of the acid by rubbing 
Ito body against anything accidentally coming in contact with it ; bat this one 
414 to almost m well without as with its head. 
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The evidence of spontaneity and choice, of sensibility 
and volition, is unmistakable in the foregoing case. Ev«^ 
more striking is the following experiment, devised by 
PflQger, which I have verified, and varied, many times: 
A frog is decapitated, or, better still, its brain is re- 
moved. When it has recovered from the effect of the 
ether, and manifests lively sensibility, we place it on its 
back, and touch, with acetic acid, the skin of its thigh 
(just above the condylus internus femoris). Let the reader 
imagine his own shoulder burnt at the point where it can 
be reached with the thumb of the same arm, and he will 
realise the operation. No sooner does the acid begin to 
bum, than the frog stretches out the other leg, so that its 
body is somewhat drawn towards it. The leg that has been 
burnt is now bent, and the back of the foot is applied 
to the spot, rubbing the acid away — just as your thumb 
might rub your shoulder. This is very like the action of 
the tickled child, who always uses the right hand to rub the 
right cheek, unless it be held ; but when the child's right 
hand is prevented from rubbing, the left will be employed ; 
and precisely this do we observe with the brainless frog : 
prevent it from using its right leg, and it will use its left ! 

To show this we decapitate another frog, and cut off the 
foot of the leg we are to irritate. No sooner is the acid 
applied, than the leg is bent as before, and the stump is 
moved to and fro, as if to rub away the acid. But the acid 
is not rubbed away, and the animal becomes restless, as if 
trying to hit upon some other plan for freeing himself of the 
irritation. And it is worthy of remark, that he oftien hits 
upon plans very similar to those which an intelligent human 
being adopts under similar circumstances. Thus, the irrita- 
tion continuing, he will sometimes cease the vain efforts with 
his stump, and stretching that leg straight out, bends the 
other leg over towards the irritate spot, and rubs the acid 
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awaj. But, to show how far this action is from one of un- 
conscious mechanism, how far it is from being a direct reflex 
of an impression on a group of muscles, the frog does not 
always hit even on this plan. Sometimes it bends its 
irritated leg more energetically, and likewise bends the 
body towards it, so as to permit the spot to be rubbed 
against the flank — just as the child, when both his hands are 
held, will bend his cheek towards his shoulder and rub it 
there. 

It is difficult to resist such evidence of choice as is here 
manifested. The brainless frog chooses a new plan when 
the old one fails, just as the waking child chooses. And an 
illustration of how sensations guide and determine move- 
ments, may be seen in another observation of the brainless 
frog, when, as often happens, it does not hit upon either of 
the plans just mentioned, but remains apparently restless 
and helpless ; if under these circumstances we perform a 
part of the action for it, it will complete what we have be- 
gun : if we rub the irritated leg, at some distance from the 
spot where the acid is, with the foot of the other, the frog 
suddenly avails itself of this guiding sensation, and at onco 
directs its foot to the irritated spot. 

In these experiments on the triton and the frog, the evi- 
dence of sensation and volition is all the stronger, because 
the reactions produced by irritations are not uniform. If, 
when a decapitated animal were stimulated it always reacted 
in precisely the same way, and never chose new means on the 
failure of the old, it would be conceivable to attribute the 
results to simple reflex-action — i. e., the mechanical trans- 
ference of an impulse along a prescribed path. It is possi- 
ble so to conceive the breathing, or the swallowing mechan- 
ism : the impression may be directly reflected on certain 
groups of muscles. But I cannot conceive a machine sud- 
denly striking out new methods, when the old methods fail. 



! 



212 THE HIND AND THE BBAIN. 

I cannot conceive a machine thrown into disorder when its 
accustomed actions fail, and in this disorder suddenly light- 
ing upon an action likely to succeed, and continuing that; 
but I can conceive this to be done by an organism, for my 
own experience and observation of animals assures me that 
this is always the way new lines of action are adopted (see 
p. 157). And this which is observed of the sentient, con- 
scious animal, I have just shown to be observed of the Widtr- 
less animal ; wherefore the conclusion is, tJiat if ever the 
frog is sentient, if ever its actions are guided by sensation, 
they are so when its brain is removed. Ergo the Spinal 
Chord is a sentient centre. 

Schroeder van der Kolk thinks that Pfl tiger was deceived 
in attributing sensation and volition to the frog, because the 
reflex-actions are, he says, so nicely adapted to their ends, 
that they are undistinguishable from voluntary actions. 
The mechanism is such that, by means of the communica- 
tions established between various groups of cells, all these 
actions adapted to an end may be excited by every stimulus. 
But I deny the fact. I deny that all the actions are awakened 
by every stimulus. Only some few are awakened, and 
those are not always the same, nor do they follow the same 
order of succession. One decapitated frog does not behave 
exactly like another ; does not behave exactly like himself 
on different occasions ; but, on the contrary, exhibits great 
.variety in his actions ; and, above all, exhibits spontaneity 
and choice in his actions. 

For a proper comparison of cerebral with spinal sensi- 
bility, the following experiment is well adapted ; I divided 
the spinal chord of a triton as at Fig. 62. Had a physiolo- 
gist been present, when the animal recovered, he would have 
noticed, as a confirmation of the reflex-theory, that when the 
animal crawled, it dragged its hinder legs, and indeed the 
whole of the segment B, like a log after it ; yet when the 



segment B was touched, the tail, or l^s, moved. " Here," 
ho would say,* '" you perceiTe all voluntary movement in 
segment 11 is paralysed ; it no longer responds to the man- 
dutea of the brain ; yet its reflex-ttction is not destroyed ; 
prick, it, and this a^ment, tneompelent to obey the will, ^^^ 

Fig. ^^H 



obeys the laws of reflex-action, and moves. AH sensibility, 
you perceive, has departed from segment B. In vaiu you 
prick or burn it ; the animal feels nothing, as you assure 
yourself by noticing the complete stillness uf the s^ment 
A." 

These arguments, which may bo found in numberless 
ses, seem victoriously conclusive, till wc discover the 
f involved in them. Tbe corebro-spinal axis is a oom- 
ind centre : it is one only in the sense that a government 
cue: it is the union of several individual centres. 
I that axis is divided, the eiFective unity is destroyed : 
one centre, two centres are established ; and these 
; no louger united, cannot act in union, but must 
p eeparatcly. The limbs of A vvill obey the volition of A, 
t not tho volition of B, with which Ihpy are no longer 
or will the limbs of B obey the volition ( 
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There is no longer one seat of government, but two seats. 
There has been a " repeal of the union." Parliament sits in 
Dublin, as well as in Westminster. 

Let us, with this new light, examine the phenomena. 
When we irritate the segment A, the animal crawls ; but in 
crawling, it is only A that is active ; B is dragged along, 
does not voluntarily move. Why should it move, imless it 
felt a stimulus? But we irritate segment B, which five 
minutes ago seemed so lifeless, so incapable of voluntary 
movement ; and instantly the legs of B begin the crawling 
action, while A remains perfectly motionless. The body of 
the animal is moved sideways, and not forwards, because 
the quiescence of the head and shoulder renders forward 
motion impossible. Still the indifference of A to a stimulus 
applied to B, is as great as the indifference of B formerly 
was to the stimulus applied to A. If the tail-end was said 
to be deprived of voluntary motion and sensibility, because 
it was separated from the brain, and would not feel with or 
act with the forepart of the body ; so must we now say, 
that the fore-part of the body is deprived of voluntary mo- 
tion and sensibility, since it will not act with, or feel with, 
the tail-end. 

In fact, division of the cerebro-spinal axis is tantamount 
to a division of the animal into two halves ; and each half 
obeys its own nerve-centres. The soldiers under Cromwell 
do not obey the orders of Rupert, nor do those under Ru- 
pert obey the orders of Cromwell. But the soldiers of eadi 
army obey their respective generals. It is thus with the 
triton whose chord has been divided : each half moves 
when irritated, and each moves independently of the other. 
The tail-end gives precisely the same indication of sensibil* 
ity, whether united with the brain, or separated from it ; 
and it gives precisely the same indication as the brain-end 
gives. 
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If the triton be watched for weeks, the truth of this will 
become irresistible. Although the animal is generally 
quiet, it moves spontaneously the segment A, and the seg- 
ment B ; but never together. If a lighted taper be brought 
near segment A, the fore-legs set to work, and the segment 
crawls, dragging B after it. If the taper be brought near B, 
the hind-legs set to work, and the segment moves sideways. 
If the tail be touched or gently pinched, it curls up ; if the 
hind-leg be touched, it is raised in the air ; but A feels noth« 
ing of this, and therefore does not move. 

It should be observed that similar facts have long been 
known ; but since the Befiex-Theory has been established 
they have been misinterpreted ; and even before that epoch, 
the prejudice in favour of the Brain as the sole centre of voli- 
tion, was so strong, that Mr. Mayo could thus write : — ^^ The 
physiological experiment of making separate nervous-cen- 
tres, by division of the spinal marrow admits of explana- 
tion, on supposing the principle of volition to continue for a 
short period extended to the portions separated from the 
brain ; a conjecture consistent with, perhaps, but far from 
established by, the very curious fact, that the convulsive 
movement of the leg of an animal thus circumstanced, when 
the sole of tiie foot is irritated, is accurately the gesture 
which the animal employs when, in undisputed possession of 
sensation, it retracts its limb from a similar aggression, and 
not, to appearance at least, a mere convulsive throe." * The 
explanation falls to the ground, when we learn that the same 
phenomena are exhibited weeks and months after division 
of the chord. 

Among my notes of observation there is remarkable 
evidence of volition in the tail-half of a triton whose chord 
had been, divided. It was lying, high and dry, in the 
wooden bowl in whidi it was usually kept, the small 

* Hato : Anat, and Phya. Commentaries^ 1828, part il. p. 19. 
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amount of water having almost entirely evaporated. I 
poured in a little water, slowly. In a few seconds afler 
the water had reached the tail and one of the hind-feet, the 
whole segment B began to move, the legs were slowly 
raised, as for crawling, the back elevated, and thus the seg- 
ment sidled into the water — ^the segment A remaining per- 
fectly motionless all this time. The volitional character of 
this action was the more evident, because, had the act been 
purely reflex, excited by contact with the water, and not by 
a sensation, it would always occur when water touched the 
skin, whereas I had several times before added water, when 
the triton was lying high and dry, but never before did it 
seek the water with its hinder segment. 

Once clearly apprehend the principle here expounded, 
namely, that division of the chord produces two independent 
centres, and all the recorded facts of experiment and pathd- 
ogy, receive a simple explanation. Mr. Grainger records 
the results of two experiments which deserve mention here. 
He removed a portion of the chord in a very young rabbit : 
" The peculiar feet noticed was that from time to time, wiihr 
out any stimulus being applied, the hind-legs were forcibly 
and repeatedly thrown back, as if the animal were running 
quickly ; whilst at these times the fore-limbs, which were 
still under the control of the animal, remained motionless. 
These movements were so decided and so long continued, 
that it would have been difficult to have rejected the idea of 
sensation and volition still remaining in the hinder part of 
the body, if" — and here the reader is particularly requested 
to follow the reasoning — " if it had not been distinctly ob- 
served that when the same animal attempted to walk it 
could only move its two fore-legs ; by whose power the 
hinder ones and the trunk below the division of the chord, 
which were perfectly motionless, were dragged along the 
table." * 

* Grainger, p. 55. 
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Surely the reader will agree with me that the facts by 
no means bear out this inference ? If, as we have stated, 
division of the chord establishes two independent centres, 
we can no longer expect these to act in unison. When the 
hind-legs were agitated, the fore-legs were motionless ; when 
the fore-legs moved, the hind-legs were motionless. After 
relating other similar experiments, Mr Grainger insists on 
the motionlessness of the hinder limbs, adding, " Now, as 
the very idea of volition implies a perfect control over any 
muscle which an animal may wish to stimulate, this utter 
want of such power is the most decisive proof which could 
be adduced to show that in this and similar cases the empire 
of the will was destroyed by the section of the chord." * 

This decisive proof, however, rests, I think, on a miscon-- 
oeption. The animal is spoken of as if its organic integrity 
remained after division of its chord ; whereas, as we have 
seen, division of the chord is equivalent to cutting the ani- 
mal in two ; and no one would expect the muscles of the 
separated half to move in obedience to the brain from which 
it was separated. The body of an animal .with a divided 
chord may still be one, inasmuch as it is nourished with the 
same food, and sustained by the same circulation ; but the 
nervous mechanism is no longer one ; and each half of the 
body is regulated by its own centres. 

To prove this, I performed the following experiment. A 
triton, whose chord had been divided some weeks, was com- 
pletely cut in two. The head-half immediately began crawl- 
ing away with great activity; which, as this half contained the 
heart) and almost all the viscera, was not surprising. The tail- 
half remained for some time in a standing posture, and then 
began to crawl forward. After three steps it paused ; re- 
mained quiet during five minutes, and began again, but 

* Ck>mpaFe also Marsh jll Hall : Philoa., 1833, p. 650, where a similar fact 
is addnoed as decisive. 

26 
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feebly. The tail moved spontaneously, but with great 
slowness. When it was touched, both tail and legs moved. 
I then placed it under a glass, with a moistened sponge in- 
side to prevent evaporation from the skin, and left it there 
for two hours, watching its spontaneous, though very lan- 
guid, movements. 

If any reader remains still unconvinced, I can only re- 
commend him to divide the spinal chord of a frog a little 
below the shoulders, and keep the animal for some days or 
weeks,* watching it, and testing its Sensibility. The evi- 
dences of spontaneous action, and of sensation, exhibited by 
both halves, the one no less than the other, will have more 
weight than pages of argument. Marshall Hall had ob- 
served some of these evidences, observed the decapitated 
animal defending itself variously against various irritants, 
but his interpretation of what he observed, is not, perhiqps, 
the most convincing of inferences : " The design in all this is 
obvious," he says ; ^ but is it design in the decapitated or 
divided animal 1 Certainly not ; but of its omniscient Cre- 
ator ! It coincides with what would be design in the ani- 
mal." f Now of two things, one : either every act in an 
animal must be the design of its Creator : in which case 
sensation and volition cannot endow the actions of the per- 
fect animal with a design already endowed ; or else the Cre- 
ator has designed none of these actions, but only designed 
that a sensitive mechanism shall execute them : in which 
case the actions of the perfect and the decapitated aniinal 
being found to coincide — ^being, indeed, undistingoishable by 
us, what ground have we for assuming that they are not the 
results of similar causes ? 

This flying to design for refuge, merely to save an as- 

* Care must be taken to prevent water getting to the chord| m that soon 
Idllt the animal. * 

t New Memoir^ p. 31. 
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stunption, reminds me of objections which have sometimes 
been made in private. When I have narrated the experi- 
ments on the decapitated frog, I have been told that the frog 
whose foot had been amputated, and who therefore had re- 
course to other means to get rid of the acid, felt nothing : 
" He did it all from hahiL It was instinct^'* If frogs are in 
the habit of being irritated by drops of acetic acid, and are 
in the habit of having their feet amputated, which teaches 
them to seek other means of escape, all I can say is that 
their education takes place in other ponds than those I have 
dredged. Schrojder van der Kolk refers to some experi- 
ments by Szokalski, on puppies and young rabbits, from 
which the brain — t. e., the cerebrum, cerebellum, the cor- 
pora quodrigemina, optic thalami, and corpora striata — ^had 
been removed; these animals cried out when their tails 
were pinched, rubbed their noses when acids were applied, 
and made swallowing movements when bitters were placed 
in their mouths. ^' Szokalski thinks these were instinctive 
rather than reflex actions," says Schroeder, " but in this I 
cannot agree with him." What was meant by the word in- 
stinctive we are left to guess ; but if sensation is excluded 
from instinct, and if sensation is excluded from actions such 
as those of the brainless puppy and rabbit, I know not what 
evidence of sensation can be entertained. 

It is maintained by many writers that the actions of 
walking and swimming are reflex — due solely to the contact 
of the sole of the foot with the ground in walking, and the 
contact of the skin with the water in swimming. The im- 
pression of this contact is reflected on the muscles ; but no 
sensation originates, or guides the actions. My experiments 
do not confirm this. When I touched the segment A (Fig. 
62) of the triton, it dragged the segment B after it ; but al- 
though in the dragging the feet of B were rubbed along the 
surface, they very rarely set going the walking actions : i 
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sometimes they did so ; but contact was by no means suffi- 
cient to excite this action; whereas during their transit, 
while they were being dragged like paralysed limbs, a prick, 
or a pinch, immediately roused them into walking move 
ments. I placed a frog, with divided chord, in a pan of 
water; the fore-legs immediately set going an energetic 
swimming action, but the hind-1^ remained motionless, al- 
though they too were in contact with the water, and the im- 
pression ought to have been reflected on their muscles. I 
then decapitated another frog: on being thrown into the 
water it swam vigorously with both fore and hind legs. 
Presently it ceased swimming, and floated quietly on the 
surface; but on bemg touched agam began swimming. 
This was repeated many times. It shows that mere contact 
of the water is not enough to excite swimming actions; 
whereas a sensation is enough. Claude Bernard found that 
a frog, whose skin had been removed from all its legs, 
swam as well as before. But when the whole skin had 
been removed, I found the frog capable, indeed, of swim- 
ming, since its power of muscular adjustment was unaflected, 
but making no attempt to swim. 

These observations respecting the sensibility of the Spi- 
nal Chord may be closed with the following fact recorded 
by Volkmann. Young rabbits and puppies when taken 
from their mothers, manifest their discomfort by restless 
movements ; the puppies also whine. No one doubts that 
sensation is present in such cases. Now, if the brain be 
removed from rabbits and puppies, precisely similar phe- 
nomena are observed, when these young animals are taken 
from their mothers. " I observed the motions, which seemed 
the result of discomfort, quickly cease when I warmed the 
young rabbit by breathing on it. Afler a while it was com- 
pletely at rest, and seemed sunk in deep sleep ; occasion- 
ally, however, it moved one of its legs without any external 
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stimulus having been applied, and this not spasmodically, 
but in the manner of a sleeping animal." * Is this cessation 
of the restlessness, when warmth is restored, not evidence of 
sensation ? We see an infant restless, struggling, and squall- 
ing ; and we believe that it is hungry, or that some other 
sensations agitate it ; it is put to the breast, and its squalls 
subside ; or a finger is placed in its mouth, and it sucks 
that, in a peaceful lull, for a few moments, to recommence 
squalling when the finger yields no satisfaction. If we ac- 
cept these as signs of sensation, I do not see how we can 
deny sudi sensation to the brainless infant, or animal which 
will also cease to cry, and will suck the delusive finger ! 

VII. Evidence against the Sensibility op the Spinal 
Chord. — Having at some length adduced the evidence which, 
to my mind, is conclusive in favour of the sensibility of the 
Spinal Chord, it is now necessary to examine the evidence 
which can be adduced against it. We have already seen 
that the main argument against it has been drawn from the 
universal preconception of the Brain being the exclusive 
sensorium ; and we have also seen that this begs the ques- 
tion. Another argument has been drawn from the indisput- 
able fact that many actions take place without awakening 
any distinct " consciousness " or attention — these are, breath- 
ing, winking, digesting, and many others. But we have 
seen, in the Chapter on Feeling and Thinking, that this 
proves nothing, or proves too much. An action may be 
sensational, without producing that secondary feeling, usu- 
ally styled " consciousness ; " and, in this sense, thinking 
may be proved unconscious — ^nay, sensations themselves 
may be so. There remains only the striking fact of human 
patients with injured or diseased spines, feeling nothing be- 

* VoLKMAirN, quoted by Pfl^gkr. 
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low the injury. This fact we have more than once referred 
to as the cheval de hataille of the Reflex-Theory, which, we 
have also affirmed, turns out on close inspection to be the 
sorriest of Rozinantes. Let the fact be stated in all its 
force. A man with an injured spinal chord may lose all 
power of voluntary movement in the limbs below the inju- 
ry ; and also lose all power of feeling any impressions made 
on them. Pricks, bums, pinches, leave him unaffected. 
Hunter's celebrated patient, on being asked whether he felt 
the pain which caused his leg to kick out, answered, " No ; 
but you see my leg does." And thus might all such pa- 
tients reply. These limbs have not lost their power of 
movement, but only their power of obeying the brain. 
They will not move when the patient endeavours to move 
them ; but they are withdrawn, or convulsed, if pricked or 
tickled. Marshall Hall reports the case of a man in whom 
accident had destroyed all sensation and voluntary motion, 
yet who drew up his legs when they were tickled, without 
once feeling the sensation of tickling ; and he drew them up 
when sprinkled with cold water, without feeling the slightest 
sensation of cold. This case is constantly cited, and is indeed 
very striking. It seems to have a far greater value than 
any experiments on animals can have, because we cannot 
question animals as to their sensations, we do not know 
whether they feel or not ; we can only infer : whereas we 
can interrogate the human patient, and he distinctly denies 
being conscious of any impression whatever. " Do you feel 
this pin which is pricking you, and making your leg jerk 1 " 
— " No, I do not." Nothing seems less equivocal. We 
must accept his statement. Do I then doubt it ? Not in 
the least. 

Dr. Baly, in the notes to his admirable translation of 
Mttller's Physiology, records that he has a patient under his 
care attacked with complete loss of sensation and motion 
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in the left upper and lower extremity, in whom, neverthe- 
less, pinching or even slightly touching the sole of the foot 
or ankle of the paralysed leg, causes the limb to be retracted 
and the toes extended, the patient being unconscious both of 
the stimulus and the movement. When I first read this 
statement, having entire reliance on Dr. Baly's accuracy in 
observing and reporting, it seemed to me to overthrow all 
the evidence on the other side ; and this idea was further 
strengthened by the cases collected by Dr. Budd.* It is 
unnecessary to occupy space here by citing these cases: 
they all point in the same direction, and we may therefore 
accept the conclusion, namely, — 

That injury to the Spinal Chord wholly or partially de- 
stroys the power of obeying the Brain by voluntary move- 
ment, and the power of transmitting sensory impressions to 
the Brain, in the parts below the seat of injury, while in 
those above the seat of injury, sensation and voluntary mo- 
tion remain. 

Such is the conclusion rigorously deduced from numerous 
facts. I accept it without reserve. But I shall now prove 
that it does not in the least aflfect the question imder discus- 
sion, does not throw a shadow of doubt on the sensational 
and volitional diaracter of the Spinal Chord. That it should 
ever have been thought to do so admits of easy explanation. 
Let us disclose the fallacy it involves. 

On the supposition that the whole cerebro-spinal axis is 
everywhere the seat of Sensibility, it has already been 
shown that division of this axis would create two indepen- 
dent centres. In this case we have no right to suppose that 
the cerebral segment will be affected by impressions made 
on the spinal segment ; nor, conversely, that impressions 
made on the cerebral segment will affect the spinal segment. 
The anterior limbs will obey the Brain, because they are in 

* BvDD : in MetUco-Ckirurg. Thwu.f zxli., cited by Dr. Cabpihtib. 
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oi^anic relation with it; but the posterior limbs cannot 
obey the Brain after they have ceased to be in organic re- 
lation with it. This has been fully explained (p. 213 et seq.) 

Now, when a man has a diseased spinal chord, the seat 
of injury causes, for the time at least, a division of the cere- 
bro-spinal axis into two independent centres. For all pur- 
poses of sensation and volition it is the same as if he were 
cut in half, his nervous mechanism is cut in half. How 
then can any cerebral volition be obeyed by his legs ; how 
can any impression on his legs be felt by his cerebrum ? 
As well might we expect the man whose arm has been am- 
putated, to feel the incisions of the scalpel, when that limb 
is conveyed to the dissecting-table, as to feel in his brain 
impressions made upon parts wholly divorced from organic 
connection with the brain. 

But, it may be objected, this is the very point urged. 
The man himself does not feel the impressions on his limbs 
when his spine has been injured ; he is as insensible to them 
as to the dissection of his amputated arm. Very true. Se 
does not feel it. But if the amputated arm were to strike 
the anatomist who began its dissection, if its fingers were 
to grasp the scalpel, and push it away, or with the thumb to 
rub off the acid irritating one of the fingers, I do not see 
how we could refuse to admit that the arm felt aMough the 
man did not. And this is the case with the extremities of 
a man whose spine is injured. They manifest every indi- 
cation of sensibility. In the frog they manifest unmistak- 
able volition. It is tme that the man himself, when inter- 
rogated, declares that he feels nothing ; the cerebral segment 
has attached to it organs of speech and expressive features, 
by which its sensations can be ^communicated to others: 
whereas the spinal segment has no such means of communi- 
cating its sensations; but those which it has, it employs. 
You can ask the cerebral segment a question, which can be 
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heard, understood, and answered; this is not the case -with 
the spinal segment ; yet if you test its sensibility, the result 
is unequivocal. You cannot ask an animal whether it feels, 
but you can test its sensibility, and that test suffices. 

In our examination of the triton and the frog, after di« 
vision of their spinal chord, we saw that the limbs which 
could convey no impression to the brain, and could obey no 
impulse from the brain, exhibited the same evidences of 
sensibility as when they were in connection with the brain. 
Yet if the animal could have spoken, it would have assured 
us that it felt nothing in its hinder limbs. The limbs them- 
selves told a different story. 

The question we have to decide, therefore, is not whether 
a patient, with an injured spine, can feel impressions on, or 
convey voluntary movements to, limbs below the seat of 
injury — for as respects the nervous mechanism these limbs 
are separated from him, no less than if actual amputation 
had taken place — the question is, whether these separated 
limbs have any sensibility ? And the answer seems to me 
unequivocally affirmative. I assert, therefore, that if there 
is ample evidence to show that the spinal centimes have sen- 
sibility, when separated from the cerebral centres, such evi- 
dence can in no respect bo weakened by the fact that a man 
with an injured spine is unconscious of impressions made 
below the seat of injury ; since such a fact necessarily fol- 
lows from the establishment of two centres : the parts above 
are not sensitive to impressions on the parts below; nor 
are the parts below sensitive to impressions on the parts 
above; but each segment is s^isitive to its own impres- 
sions. 

It should be borne in mind that although all vertebrate 
animals are constructed according to one general type, and 
all their oi^ans have a certain general homology, the very 
great variations in their mechanisms will necessarily bring 

26* 
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about corresponding variations in their fimctions. Hence, 
we may expect to see actions performed by one segment of 
a frog, which cannot be performed by the corresponding 
segment of man. And as a part of this variation in strue- 
ture may be noticed the fact that in man the Spinal Chord 
is insignificant in comparison with the Brain, whereas in 
reptiles the Brain is less than the Chord. Anderson * esti- 
mates the weight of the triton's chord at one-fourth of a 
grain ; that of the brain being one-seventh — showing a pro- 
portion of 100 to 180. From the figures given by Sharpey 
and Ellis,f it appears that while the weight of the human 
brain is 40 ounces as an average, that of the Spinal Chord 
is less than 2 ounces, sometimes only 1 ounce. The pro- 
portion is therefore 40 or 33 to 1. In animals the propor- 
tion is much less. In the mouse it is 4 to 1 ; in the pigeon, 
3| to 1 ; in the triton, *|^ to 1, and in the lamprey, ij^ to 1. 

VIII. What part is played by the Spinal Chord ? — 
The reader may now ask what part is to be assigned to the 
Spinal Sensibility, supposing its existence granted 1 Do we 
think with our Spinal Chord 1 Is it a centre of Intelligence ? 
" Why no, sir," as Dr. Johnson would say. 

Our previous investigations conducted us to the conclu- 
sion that the cerebrum was the centre of intelligence and 
emotion — at least in those animals which have a cerebrum. 
In the Amphioxus, which has no brain at all, the intelligence 
and emotion it may possibly have, must necessarily be per- 
formed through the agency of the Spinal Chord. Nor is 
there anything in such a supposition which is at variance 
with the principles laid down in these pages, however at 
variance with ordinary theories. For in the Amphioxus 
the spinal chord must be the centre in which the reflexes ot 

* Anderson : Comp. Anat. qf Nervous System, 21. 
t QvAiN's Anai.f 6th edit., ii. 435. 
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sense are combined, as they are combined in the cerebrum 
of higher animals. 

But quitting all such questions inaccessible except to in- 
ference, let us consider the probable share taken in our ac- 
tions by the Spinal Chord. The intimate consensus which 
exists between every part of the vital mechanism renders it 
impossible very accurately to define the share of each. But 
if we look to the anatomical connections of the Spinal Chord, 
and assume that the Brain is the organ of intellectual action, 
we may consider that Spinal Sensibility regulates all those 
actions which are not set going by cerebral Sensibility. 

A few illustrations will suffice. The brain of a sleeping 
man is supposed to be disconnected from all participation 
in the activity of the chord. Either the man is in profound 
sleep, and his brain is at rest, or he is dreaming, and his 
brain being cut off from almost all external stimuli, is occu- 
pied exclusively with its own excited activity — with its 
dreams. The man during this state breathes, swallows his 
saliva, coughs if any gets into the windpipe, and turns in his 
bed ; the organic processes go on, and his brain has little if 
any share in all these various actions. From this sleeping 
man we remove the bed-clothes ; the cold air soon produces 
a sensation of uneasiness; he turns and seeks a warmer 
spot; perhaps he stretches out his hand and pulls the 
clothes over him again. The evidence of sensation and vo- 
lition here is unmistakable. If he did not feel the cold he 
would not move ; if he did not toill to move, and to pull 
the bed-clothes over him, he could not do it. 

There are very cogent reasons for believing that in these 
cases the sensation and volition have their seat in the Spinal 
Qiord, and not in the Brain. Firstly, the actions very 
dosely resemble those of animals when the entire brain has 
been removed. Secondly, brain-prompted actions — i, c, 
those which spring from a distinct idea, or train of ideas — 
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never seem possible in sleep. The sleeping man, ^ho im 
mediately moves his arm to rub his tickled cheek, or draws 
the bed-clothes when the cold air reaches him, or turns if 
he be touched, cannot move a muscle when in dreams his 
mind is assailed with terror at danger or with desire to res- 
cue his children. It is usual to account for this familiar 
fact by saying that in sleep " the will is suspended " : a 
mere phrase, and a false one ; for the will is not suspended 
when it permits the man to pull the bed-clothes over him, 
or to seek a warmer spot in the bed. 

When the Brain is actively engaged in thought, as in 
profound meditation, or reverie — the volitions emanating 
from the Spinal Chord seem to suffice for all regular and 
continuous actions, such as walking or eating; or for the 
relief of particular discomforts, as when the tickling of a fly 
causes the hand to move towards the spot, or the position 
of the limbs is changed. We may walk through crowded 
streets absorbed in thought, yet every obstacle is avoided, 
and our destination reached with unerring accuracy. It is 
probable that from time to time the Brain interrupts its 
course of thought to glance at the houses, and assure us we 
are not in the wrong track ; but although it is probable 
that, even during the profoundest meditation, the Brain does 
in general take cognisance of surrounding objects (for when 
it does not we miss our way), yet it seems tolerably cer- 
tain that the guiding sensations of the Chord suffice during 
the intervals when the Brain is otherwise occupied. Indeed, 
men have been known to sleep on horseback, and soldiers 
have marched during sleep — ^facts which bear a close resem- 
blance to the phenomena exhibited by decapitated animals. 

Here, however, we are once more treading on the ccm- 
fines of Psychology, and must pause ere we get entangled in 
its labyrinths. If we have indicated in a general way the 
physiological relations of the Mikd and the Bbain our ob- 
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ject has been achieved. Nor will we here venture into an 
examination of the Sympathetic system, although we hold 
that here also the ganglia are centres of Sensibility. But 
the reader's attention will be more readily secured by the 
questions to be examined in our next chapter. 



NOTE TO CHAPTER IX., SECTION" HI. 

For the sake of any student who may desire to investi- 
gate the microscopic structure of nerve-centres, 1 will de- 
scribe the best methods of preparation. Take a perfectly 
fresh brain or chord, and having removed its membranes, 
cut it in small sections, and harden them in alcohol, in 
chromic acid, or in bichromate of potass. Whichever solu- 
tion is used should be very weak at first, and gradually 
strengthened. Lockhart Clarke's plan is to use a mixture 
of one part alcohol and three parts of water, for the first 
twenty-four hours ; this is then thrown away, and replaced 
by equal parts of alcohol and water, for another twenty-four 
hours ; and this again is replaced by pure alcohol. In ten 
or fourteen days it is ready. Stilling uses chromic acid ; 
Kolliker, bichromate of potass, beginning with a solution of 
1 per cent., and increasing it gradually to 4 per cent., con- 
stantly changing the solution. Clarke also now generally 
employs chromic acid, or bichromate of potass. He sug- 
gests a solution of i per cent, of chromic acid for two or 
iJiree weeks, followed by a solution of i or 1 per cent, of 
bichromate. Both alcohol and chromic acid are excellent, 
and have different advantages ; on the whole, I find it most 
advantageous, when bichromate of potass is used, to remove 
the sections, after three weeks, into strong alcohol, which 
better completes the hardening, and washes out the potass. 

Having thus hardened the object, so that it is neither 
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too soft nor too friable to permit of thin sections being 
made with a very sharp razor (for the spinal chords of 
small animals I use one of those small razors sold as corn- 
cutters), the upper sur&oe of which must be previously- 
wetted with alcohol, we have now to render the sections 
sufficiently transparent. This KoUiker effects by treating 
them first with soda (Bidder and his pupils use dilute sul- 
phuric acid), then washing the soda out, and placing the sec- 
tion on a glass slide, he drops concentrated chloride of cal- 
cium on it, and covers with thin glass. This plan has never 
seemed to me so effective as the one employed by Lokhart 
Clarke. Schroeder van der Kolk hardens in alcohol, then 
placing a thin section on a glass slide, drops distilled water 
on it, and covers with thin glass, and commences a gentle 
pressure on the edges of the covering glass, which pressure 
causes the water to rush between the fibres, and wash out 
the fat. When pressure no longer makes the water milky 
(after repeated changes), a drop of chloride of calcium is 
added ; in six or seven days the section is clear. This also 
seems to me very inferior to the plan adopted by Clarke, 
who places the section in alcohol for a few minutes, accord- 
ing to its thickness, and then floats it on oil of turpentine. 
On the turpentine it rapidly becomes transparent. It is 
then removed to a glass slide, on which is a drop of Canada 
balsam, and allowed to remain, if not everywhere trans- 
parent ; or if transparent, is covered with thin glass, and is 
ready for inspection. 

The simplest of all plans is to harden the chord in alco- 
hol, make a thin section, place it on a glass slide, add tur- 
pentine, and cover with thin glass ; the turpentine penetrates 
slowly, and the section gradually clears ; you may watch it 
day by day. 

If the cells are to be exhibited, Gerlach's plan is to 
place the fresh chord, or the section just made from a 
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hardened chord, in a very weak filtered solution of carmine, 
dissolved in weak ammonia : it is allowed to remain there 
a few minutes or a few hours, according to the strength of 
the solution. It must then be washed, and placed in al- 
cohol. 

By varying the plans, and giving the requisite patience, 
preparations may be produced of great distinctness ; but the 
complexity of the structure renders it excessively difficult 
of comprehension, even with the best preparations. 
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CHAPTEE X. 

OUR SENSES AND SENSATIONS. 

How many Benees have we ?— Deflnition of termB— New clasBiflcation of tho 
BeDBations— Oroanic-sensations— The MuBcnlar BenBe : proofs of its ex- 
iBtence ; experimentB to Bbow that its Beat Ib not the Bkin, but the mnscles 
— Electrical disturbance causing nervous-action— Surf aob-sensatiohb : va- 
rious sensibilities of the skin— Tough : tactile corpuscles not organs of 
touch ; how we localise all our sensations : all sensations referred to the 
surface ; feelings in amputated limbs ; some -parUi of the skin more sen- 
sitive than others— Feeling of "pins and needles" in the leg— Tastb : or- 
'gan of ; savory substances must be soluble ; dare we trust our instinct in 
taste? after-tastes — Smell : organ of; are the olfactory nerves the nerves 
of smell ?— Are they nerves at all ?— Example of perfect sense of smell in the 
absence of the olfactory nerves— Odorous substances — Variations and uses 
of smell— Hearing : organ of ; cases of perforated tympanum ; varieties in 
sounds ; a musical ear ; effect of sounds on the emotions ; subjective sounds ; 
direction of sounds, and how discriminated— Sight : organ of— Are images 
transmitted to the brain ?— Description of the Retina — Is it nervous? — It is 
insensible to Light ; vision commences in a change of temi>eratnre— Sub- 
jectire vision : curious examples— Single vision with two eyes : the paradox 
explained— Why are objects not seen inverted ?— Color-blindness— Psycho- 
logical Importance of the new view of the senses. 

" How many senses have you ? " inquired the traveller from 
Sirius, in Voltaire's exquisite satire ; upon which the inhabi- 
tant of Saturn replied, " Seventy-two ; but every day wo 
live, we lament that we have so few." 

The European has been taught to be so well satisfied, 
with five senses, that he is apt to regard as an absurdity an 
attempt to alter, or enlarge that sacred number. Yet, if we 
look closely into the matter, we find that five is either too 
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few, or too many : too few, if every distinct source of 
special sensations is to be called a Sense ; too many, if only 
that is worthy to be called an organ of Sense which — as in 
the case of the eye or the ear — ministers to a single func- 
tion, and yields only one group of special sensations. 
When it is said, " Man has only five senses," it is said that 
over and above the sensations of touch, sight, hearing, smell, 
and taste, he has nothing to be called sensation. This is 
manifestly wrong. " The division of our external senses," 
says Hutcheson, " into five common classes, is ridiculously 
imperfect. Some sensations, such as hunger and thirst, 
weariness and sickness, can be reduced to none of them ; or 
if they are reduced to feelings, they are perceptions as differ- 
ent from the other ideas of touch — such as cold, heat, hard- 
ness, softness — as the ideas of taste or smell." * 

Gerdy thinks the reduction of our senses to five, one of 
the most ridiculous of notions. " As sense," he says, " is 
nothing but a part of our body which gives different sensa- 
tions fi-om those of other parts. Is it not on the ground of 
such differences that men have admitted the five senses ? " f 
Sir W. Hamilton also, after laying down the proposition 
that all our senses are modifications of touch, or contact, 
adds " that if Sight and Hearing, if Smell and Taste, are to 
be divided from each other, and from Touch Proper, under 
Touch there must, on the same analogy, be distinguished a 
plurality of special senses." 

It is impossible that there can be any philosophic agree- 
ment, unless we come to a distinct understanding of terms. 
We cannot leave undecided what is to be understood by the 
words " sensation " and " sense." It is clear that there is a 
great variety of sensations ; but this does not imply a corre- 

* Quoted by Sir W. Haxiltoh : Lectures on Metapht/aicSj ii. 156. The lan- 
guage is loose enough, but the idea is intelligible. 

t GimDT : Phytiologie Phihiophique dea SengcUions^ p. 361 
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sponding variety in our Senses. The same organ necessari- 
ly furnishes a great diversity of sensations, if it is capable 
of being acted on by a diversity of stimuli. Let us there- 
fore settle our terms ; since if the inquiry be, " How many 
distinct and special senses have we ? " the answer will not 
be five, but probably five-score ; whereas, if the inquiry be, 
" How may distinct organs of sense have we ? " the answer 
can only be settled by a profound anatomist.* 

A sensation, properly so called, is the reaction of Sensi- 
bility, stimulated by an impression — ^the activity of a nerve- 
centre awakened by the Neurility of a nerve. This we have 
seen to be the rigorous definition. Those writers who comr 
plicate the idea of Sensation with the idea of Thought, and 
assert that there can be no sensation unless it be recognised as 
such by the sentient being, may equally accept our defini 
tion, since, according to them, Sensibility never is awakened 
by a stimulus unless the brain be also affected. 

The stimulus may be external, or internal. It may 
arise from contact with agents outside, or from agents inside 
the body : the pressure of a pin on a sensitive surface, the 
chemical changes going on in the substance of an organ, or 
the pressure of a blood-vessel, may equally produce sensa- 
tions, but the sensations produced will not be similar. For 
while, on the one hand, the kind of sensation is determined 
by the nature and degree of the stimulus, it is, on the other 
hand, determined by the peculiar structure and organic dis- 
position of the part affected, f The same degree of tempera- 
ture which, acting on a nerve through the skin, will produce 
the sensation of cold, will produce no such sensation but one 

* On this, as on so many other subjects, the philosophical student is referred 
to the important work by Victor Carus : System der thierischen Morphologie ; 
see also Gbobnbaur : Grundziige der Vergleichende Antttomie; andBEtLQUAia 
und LuoKHART : Vergleichende Anatomie^ or the course of deyelopment of the 
senses in the animal series. 

t Compare Victor Casus : Morphologies pp. 61, 02. 
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of pain, if it act directly on this nerve ; and I have found, as 
previously mentioned, that the same nerve which in the frog 
is sensitive to pricks or cuts through the skin, is not sensi- 
tive to them under the skin. The ray of light which, falling 
on the optic apparatus, produces a well-known sensation, 
produces nothing of the kind if it fall on the optic nerve, or 
any other nerve. The wave of air which produces the sen- 
sation of sound through the auditory apparatus, produces 
little appreciable effect on any other part. The sugar which 
is sweet to the tongue, is merely rough to the gums. Thus 
each organ of sense determines its specific sensations : a blow 
on the arm causes pain, on the eye a flash of light, on the 
ear a sound. Electricity causes alkaline, or acid, tastes, 
phosphoric odours, buzzing sounds, and flashes of light, if 
applied to tongue, nose, ear, and eye. One stimulus is thus 
transformed into various sensations, according as it acts 
through various channels. 

Sensibility is the general property of every animal 
organism. This general property becomes specialised in 
proportion as the organism itself becomes more special and 
complex in structure.* Although every animal must feel, 
it does not follow that every animal must have every kind 
of feeling. The mollusc feels, but it is extremely doubtful 
whether it feels pain, and still more so whether it feels tick- 
ling. Its sense of sight is probably little more than a dis- 
crimination of light from darkness ; its sense of hearing little 
more than a susceptibility to vibrations of the air. Nay, 
ey^i to pass on to higher animals, the cat imdoubtedly dis- 
tinguishes sounds, and does not confound the cry of the 
catVtneat-man with that of the dustman ; but its suscepti- 
bility to musical intervals will be very doubtful to those 
who have "assisted" at gutter-concerts. And among men, 

* On the dovelopment of psychical complexity, soe the remarkable work by 
HxBBBST BPSHOim : Principles qf Psychology. 
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there are those who cannot distinguish the colours red aud 
blue ; others who have no distinct appreciation of odours 
and savours ; others who can scarcely follow a melody j 
others who are very ticklish, or not at all so ; others ex- 
quisitely sensitive to pain, and others very much less so. 
All these specialities of the general Sensibility depend on 
specialities of the nervous system and the organs of sense. 

The precise number of our senses is a question not easily 
answered. If every distinct part of the organism, which is 
the source of distinct sensations, is to be called a Sense, we 
must necessarily include the Muscles and Viscera among the 
Senses, for the sensations derived through the muscles — sen- 
sations of adjustment, weariness, cramp, &c. — are as specific 
as those derived through the eye or tongue ; and the glan- 
dular sensations are assuredly distinct from those of the 
muscles. 

The following is the classification which seems to me 
desirable, afler what has been said respecting the various 
forms of consciousness (see p. 62-63). All those sensations 
which arise in the organic processes, or which, belonging to 
the general system, are not localised in any. special organ, I 
call systemic sensations; whereas those, on the contrary, 
which are localised in special organs — the eye, the ear, the 
nose, the tongue, and the hand — I call sense-sensations. The 
former only tell us of our own internal condition — ^they are 
the subjective senses.* The latter give us conceptions of 
things external to ourselves — they are the objective senses* 
Although the food which stimulates the alimentary canal, or 
the air which stimulates the lungs, are objects not less exter* 
nal than the colour or the odour of a rose, we do not habitu- 
ally refer the sensations they produce to distinct cognisable 
objects, as in the case of the colour and odour. We have 

* Kant's classification into aenatta vagua and aenauajixua corresponds pretty 
nearly with the aboTe. 
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great difficulty in localising the sensations, and never succeed 
in*doing so with any precision ; whereas we are in no doubt 
that the sensation of colour is derived through the eye, and 
nowhere else. 

Systemic sensations may be divided into two classes : 
Organic and Surface Sensations ; these we will now con- 
sider. 

I. Orgakic-sensations. — ^That we receive sensations from 
the varying states of our organs, not less than from the vary- 
ing impressions of objects on our Senses, is abundantly 
manifest. The agitation of the heart, the pains or pleasures 
of the alimentary canal, the feelings of fatigue, sleepiness, 
hunger, thirst, and the various feelings attendant on mater- 
nity, are obviously of organic origin. It would doubtless 
create some surprise were we to speak of a Respiratory 
Sense ; yet there would be more warrant for such a term 
than for the Muscular Sense, which has gained general ac- 
ceptance. Indeed Mr. Bain, who has treated this topic of 
the organic sensations with great fulness and felicity,* prop- 
OTly remarks that we have in respiration all the particulars 
necessary to constitute a Sense : an external object — ^the air 
of the atmosphere ; an organ; and a resulting state of feel" 
ing. This cannot be said of the Muscular Sense, which has 
no external object. No one will doubt that we receive dis- 
tinct sensations from the purity, or closeness, of the atmos- 
phere ; we cannot draw breath without exciting a sensation, 
although in general we are not " aware " of it. In like man- 
ner the sensations of the alimentary canal generally pass un- 
perceived by us ; but they go to form that stream of Con- 
sciousness which I have before noticed. 

Referring the reader to Mr. Bain's work for further 
details on this • subject, I will now pass to the very impor- 

* Bain : TTte Senses and the Intellect. 
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tant class of sensations arising from the condition of the 
muscles. 

1. The Muscular Sense, — In his erudite dissertations 
affixed to Reid's Works, Sir William Hamilton has sketdied 
the history of the conception, revived in our own day by 
Sir Charles Bell, of a distinct Muscular Sense. Whether it 
is legitimate or not to elevate this into the rank of a distinct 
Sense — a rank denied to the glands and alimentary canal — 
may be questionable, and is, indeed, often questioned ; but 
there has long been general unanimity as to the fact that 
the muscles are the sources of peculiar sensations, such as 
those of exercise, weariness, cramp, &c. It has also been 
admitted that the adjustments necessary for all movements 
for walkhig, riding, dancing, sitting upright, and so forth, are 
dependent on the sensitiveness of the muscles. The body is 
balanced by an incessant shifting of the muscles, one group 
antagonising the other. But this would be impossible un- 
less each muscle were adjusted and co-ordinated by s^osa- 
tion. 

When a blind man, or a man blindfolded, stands upright, 
neither leaning upon nor touching aught ; by what means 
does he maintain his erect position *? The symmetry of his 
body is not the cause. A statue of the finest proportion 
must be soldered to its pedestal, or the wind will cast it 
down. How is it then, that a man sustains the perpendicu- 
lar posture, or inclines in the due degree towards the wind 
that blows upon him ? It is obvious that he has a sense by 
which he knows the inclination of his body ; and that he 
has a ready aptitude to adjust the parts of it, so as to cor- 
rect any deviation from the perpendicular. What sense is 
this ? He touches nothing, sees nothing ; it can only be by 
the adjustment of the muscles that the limbs are stifiened, 
the body firmly balanced and kept erect. In truth, we 
stand by so fine an exercise of this power, and the muscles 
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from habit are directed with so much precision, and with an 
effort so slight, that we do not know how we stand. But 
if we attempt to walk on a narrow ledge, or rest in a situa- 
tion where we are in danger of falling, or balance on one 
foot, we become subject to apprehension ; and the actions 
of the muscles are then, as it were, magnified, and demon- 
strative of the degree in which they are excited." * 

If we watch an infant learning to walk, or attend to our 
own sensations when leammg some new muscular move- 
ment, we shall become aware of the necessity of a very fine 
sensibility for all these adjustments. It is only by means 
of guiding sensations that we can perform such actions. All 
this was admitted by physiologists ; but there still remained 
the question whether the sensations derived in muscular con- 
traction could properly be referred to the muscles. In his 
admirable treatise on Physiology, Schiff maintains that all 
the phenomena attributed to the muscular sense are due to 
the foldings and stretchings of the skin when the muscles 
contract. Spiess and Schroeder van der Kolk hold similar 
views. Indeed when we learn that the posterior, or so-called 
9en9ory nerves, traverse, but do not terminate in muscles, 
we are in a dilemma if we grant the muscles to be the chan- 
nels of sensation ; since they are supplied only with anterior, 
that is, the soK»lled motor nerves. How can these motor- 
jaeryes convey sensory stimuli *? This difficulty does not 
seem to have been generally recognised. It is only to be 
escaped by denying that the muscles are channels of sensa- 
tion ; or by denying that the so-called motor-nerves are not 
uUo sensory nerves. Schiff rejects the muscular sense, and 
attributes to the skin all the phenomena grouped under this 
sense. The reader is aware that I denv the so-called motor. 
nerves to be exclusively motor ; and one proof on which I 
rely is the proof of a muscular sense. 

* Bill : On the Hiand,^. 288 ; 6th edition. 
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In a paper read at the Aberdeen Meeting of the British 
Association,* I adduced the following decisive experiments, 
which if we admit that sensations are necessary to muscular 
adjustments, leave no doubt that the muscles and muscle- 
nerves are the sources of such s^isations. I etherised a 
frog, and then carefully removed the whole of its skin, ex- 
cept a very small patch about the end of the back, and 
another patch over mouth, nose, and eyes. These patdies 
were left for comparison. If Schiff 's views were correct, — 
if all the phenomena assigned to a muscular sense were due 
to foldings and stretchings of the skin, it was obvious that 
this frog could manifest none of these phenomena, having 
no skin to be folded or stretched. What was the fact? 
Why, that no sooner had the frc^ recovered from the effects 
of the ether, than it hopped off the table on to the ground. 
I then tested its sensibility. Those patches, where the skin 
remained, were as sensitive as ever ; a touch there, made 
the frog hop, or shrink, or draw up its legs in defence. If 
its nose was touched with acetic acid, the fore-legs were used 
to rub the acid away ; showing that it had the same power 
of adjusting its muscles as when the skin was on. But this 
was no absolute proof that the frog had any sensation de- 
rived through these muscles ; and to obviate all objection I 
sought for such proof. It is to be observed that, as regards 
external impressions, the frog was utterly insensible. I 
pinched the limbs, pricked them, cut them, burnt them with 
acetic acid, and reduced them to cinders with the flame of a 
wax taper — and to all these violent stimuli the fr<^ re- 
mained insensible, motionless,f although a touch on the 

* A Demonstration of the Muscular Sense. 

t Whenever I adduce exi>eriinental evidence, the reader 'wiU be pleased to 
remember that, unless the contrary is stated, I am always speaking of ftots re- 
peatedly observed, and controlled by comparative experiments. What is said 
in the text respecting the insensibility of the skinned frog is exact ; it has been 
observed in many cases ; but there is one strange exception recorded in my 
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akin-patches made it hop or wince. Here then was an ani- 
mal which, if it had sensations at all, could only have them 
from internal stimuli, except on two minute patches of skin. 
Yet when it was placed on its back, it immediately turned 
round again, and settled in a comfortable position. Lest 
this change of position should be attributed to the " will " 
of the animal, whose brain might be thought to have origi- 
nated the act, I cut its head off; the headless frog, placed 
on its back, always turned round as before. The position 
was obviously uncomfortable, and was altered. The hind- 
legs were then drawn out : if drawn abruptly, they were 
abruptly drawn up again ; if drawn very gently, they re- 
mained motionless where they were placed; but after a few 
minutes the legs were always drawn up again. To what can 
we attribute this change of position but to a sense of mus- 
oolar discomfort? Had the muscles been insensible, the 
legs would have remained motionless till the animal was 
about to spring ; but that they were sensitive is shown in 
the fact that, after a while, the legs always were drawn back 
to the normal position ; and this was observed to take place 
in a shorter time if the outstretched leg was at right angles 
to the body than if it were straight out. That is to say, the 
more unusrial the position, the swifter was the withdrawal. 

We have thus a skinned and headless frog manifesting 
many unequivocal signs of those sensations which have been 
assigned to the conditions of the muscles; and are justified 
in considering this experiment as demonstrating the exist- 
ence of a muscular sense. And a striking confirmation of 

note-book ^wbioh deserve notice here. " Found traces of sensibility in aorw of 
the skinless parts. Pinching the Joints or the soles of the feet, and almost aDy- 
where <m the fore>Ieg, made the frog struggle or J amp. Acetic acid had no snch 
efEbct. Pricking seldom had any. Back quite insensible to all stimuli. Muscles 
of the thig^ insensible to burns or pricks, but sensitive to a prolonged pinch 
with the tweezers.'' This is wholly inexplicable to me ; but the fact is worth 
eonildering. 

27 
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the original conception, that a muscular sense is necessary 
for the adjustments on which combined actions depend, is to 
be foimd in a case reported by Brown-Sequard. Sir 
Charles Bell refers to a woman who, having lost the mus- 
cular sensibility in her arm, could only hold her infant so 
long as she looked at her arm ; directly she averted her eyes, 
the loss of this guiding sensation made her grasp loosen. 
On this Brown-S6quard remarks : '^ It may be said that the 
sensibility of the skin being lost in this case, the impossi- 
bility of holding the child arose from this cutaneous anaes- 
thesia. There is a decisive reply to this objection : it is, 
that muscular sensibility alone is sufficient for the direction 
of voluntary movements. I have seen a child completely 
deprived of cutaneous sensibility (unable to feel contact, 
pressure, pricking, pinching, tickling, cold, or heat), yet able 
to walk well without looking at its feet, and undoubtedly 
owing this power to the persistance of guiding sensations in 
the muscles. In this case, besides the peculiar sensibility 
which guides voluntary movements, the muscles had the 
power of giving pain. When they were excited to contract 
spasmodically, the patient had the feeling of cramps." * 

In singing, a wonderful adjustment of the muscles takes 
place ; and although the direction impressed on these is 
mainly due to the sense of hearing, this is no more than the 
direction of our locomotive movements impressed by sight. 
Dr. Kitto, in his interesting autobiographical sketch,f nar- 
rates how difficult, and even painful, it was for him to speak, 
on first recovering from the accident which made him deaf. 
But he subsequently learned to speak, and this was of course 
entirely due to the muscular sensations in his vocal organs. 
In the same way, a man blindfolded, or suddenly blinded, 
finds great difficulty in walking straight ahead ; the loss of 

* Browxt -BiQUARD : Lectures in Lancet^ Oct. 16, 1858. 
t Kitto : The Lost Senses : Deqfness. 
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his eyesight is the loss of the accustomed guiding sensation ; 
yet in a little while his muscular sense suffices to guide his 
steps. Mr. Mayo's energetic phrase, " We lean upon our 
eyesight as upon crutches," is inaccurate. We derive no 
power of walking from sight, we only ascertain our course 
by it. Eyesight is a finger-post, not a crutch. 

Having made clear to ourselves that we have a distinct 
class of muscular sensations, we shall at once recognise the 
important element they must form in our general Conscious- 
ness, little as they ever emerge into that prominence which 
causes the mind to attend to them. We shall also recognise 
the sensory function of the motor-nerves (see p. 33 et seq.) 
And now an interesting problem presents itself, namely, how 
the contractions of a muscle can awaken sensation. In the 
ordinary conception of sensation, it is implied that some ex- 
ternal object should impress a nerve, and this impression. 

Fig. 63. 
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transmitted to the brain, will produce a sensation. This con- 
ception renders internal sensations difficult of explanation. 
But a more accurate survey of the facts lead to the conclu- 
sion that the mere disturbance of the electrical equilibrium 
in an organ is sufficient to excite a sensation. 

Let us dissect out the lumbar nerves of a frog {I), and, 
taking the leg of another frog with its nerve dissected out, 
let us place this nerve (c) on the muscles of the first (m). 
When the two poles of a battery are applied to the lumbar 
nerve (/), the l^s (m) are violently contracted, and this con- 
traction so affects the nerve of the leg (c) lying on the con- 
tracted muscles, that this leg also contracts. Here, then, the 
mere contraction of a muscle, stimulates another nerve in 
contact with it. Now it is indifferent to our present argu- 
ment what explanation we accept of this fact ; the fact that 
a change in the state of the muscle will excite the Neurility 
of a nerve, is enough for us.* And it is extremely impor- 
tant to bear in mind that not only will a muscle in contrao 
tion excite any nerve with which it may be in contact, but 
it will do so if, without contracting, it even tends to contract. 

By disturbances of the electrical equilibrium, the Neu* 
rility of nerves is excited. Hence it is that the manifold 
chemical changes going on — ^the processes of nutrition and 
secretion — ^the oscillations of the circulation and the activities 
of the muscles, create those manifold streams of sensation 
which make up our general Consciousness. Hence may we 
deduce the exaltation of sensibility in delicate states of 
health ; and the marked difference in the nervous excitabil- 
ity of frogs before and after the pairing time. But we dare 
not venture into so wide a field. It is enough to have in- 

* Will not this ejcplain the paradox of parts wholly destitute of nerves being 
nevertheless susceptible of intense pain ? The altered state of a tendon may 
propagate an influence to the muscles, and these may excite the seouKuy nerves 
In their neighborhood. 
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dicated the existence of a vast class of organic sensations ; 
and we will now pass on to the 

II. Surface-sensations. — ^These are more appreciable 
than the Organic sensations, because we can to some extent 
measure the effects produced by external objects on the sur- 
face. We do not know what is going on in our organs, we 
do not know what agents are at work ; but we can ascertain 
what agents are stimulating the surface, with what variations 
of degree these agents affect us, and in what places they 
affect us. 

The skin is everywhere sensitive. It is everywhere sup- 
plied with nervous filaments ; and these filaments seem more 
sensitive in the skin than in the trunks from which they 
issue. Not only are they more variously sensitive— capable 
of more distinct sensations — ^but they are susceptible to a 
greater amount of excitement. For example, it is through 
the skin, and only through the skin (and the mucous mem- 
brane, which is the internal skin) that we receive sensations 
of Temperature. Application of a hot or cold substance to 
the nerve-trunk itself, produces no sensation of heat or cold, 
but one of pain. It is the same with itching, tickling, and 
some other surface-sensations. Nevertheless, it is not the 
skin which is sensitive ; destroy the nerve-filaments, or cut 
off their communication with the nerve-centre, and the skin 
is insensible. 

Further, the intensity of sensation is much greater in the 
skin than in the nerve-trunk. Hence the painfulness of an 
operation chiefly depends on the division of the filaments at 
the surface, and not on the division of the nerve-trunks when 
the muscles are cut through. Arnold, Volkmann, Weber, 
and others, have abundantly illustrated the superior sensi- 
tiv^iess of the nerve in its distribution through the skin to 
that of the same nerve in any other part of its course. 
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But although everywhere sensitive, the skin is not every 
where equally susceptible to the same kind of impression. 
A specialisation has taken place. The face is more sensitive 
than the hand to Temperature ; the sole of the foot is more 
sensitive than the back to Tickling ; the tips of the fingers 
are more sensitive than the palm of the hand to Pain, and 
less to Tickling. In cold weather we see men beating their 
hands together, or clapping their sides, to stir a little 
warmth ; but they never think of slapping their &ces with 
this energy. The schoolboy has often to hold out the palm 
of his hand for a stroke with the cane, which would be in- 
tolerable on the back of bis hand. It was an easy suppo- 
sition that this varying sensitiveness might be due to the 
varying amount of nervous filaments distributed over each 
part ; but the supposition is without the basis of anatomical 
accuracy. Valentin says that, although the filaments at the 
apex of the tongue are more numerous than those on the 
skin of the back, they bear no corresponding proportion to 
the respective sensibilities of these parts — ^the sensibility of 
the tongue being fifly to sixty times greater than that of the 
back.* Moreover, the part which is eminently sensitive to 
one kind of stimulus is scarcely at all so to another. 

If we bring a portion of this sensitive surface in contact 
with an external substance, the result will be a sensation of 
touch. On pressing that substance we have the sensation of 
pressure, or of pain. If the substance be lower in tempera- 
ture, the result is cold; if higher, warmth ; if the difference 
of temperature be considerable, the result is pain. Contact 
will also give the sensation of smoothness or roughness, if the 
object moving over the skin be of even or uneven surface. 

Here we may notice a cardinal distinction between the 
skin, and the organs of special Sense. The same portion of 
skin will respond differently to different stimuli, or degrees 

* Valentin: Textbook iif Physiology iTTaxiA»,Ud.hj Bbistoh}) p. 485 
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of the same stimulus ; but each organ of Sense can respond 
only in one way, and produce only one specific group of 
sensations. Thus, while the skin will give us sensations so 
distinct as those of pain, tickling, temperature, or mere 
touch, the eye will give us only sensations of light, the ear 
only sensations of sound, and so on, no matter how various 
the stimuli may be. Hence the propriety of separating 
these special organs of Sense from the general surface, al- 
though, strictly speaking, they also are parts of the general 
surface ; and indeed the first of these organs, the Hand, has 
a very slight degree of specialisation, and shares with the 
whole surface its function of Touch. 

III. Sense-sknsations. — ^These are derived from our fivo 
Senses. They have five special organs devoted to them, if 
we include, as, for the sake of following popular conceptions, 
it is necessary to include, the Hand as a separate organ of 
Touch. We must remember, however, that, properly speak- 
ing, Touch is not localised in any one special part of the sur- 
face. We can touch an object as well with the foot as with 
the hand, with the nose as with the finger, with the tongue 
as with the knee. The hand, by reason of its flexibility, 
enables us to feel an object rapidly in various ways ; but 
this is its sole speciality. The sensations it conveys are not 
different from those conveyed by any other part of the skin ; 
nor are they superior in intensity and variety. The hand 
is notably inferior in delicacy of tact to the tip of the tongue. 
Had not exact experiments demonstrated this, we should at 
once admit its truth, on recollecting how, when touched by 
the tongue, a cavity in a tooth seems to be thrice as large as 
it really is ; because, being accustomed to estimate size by 
sensations of touch from the hand, we are misled, by the 
greater sensitiveness of the tongue, into the belief that the 
cavity is as large as it would be if the finger had given us 
nich s^isations. 
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1. Touch, — ^The organ of Touch, therefore, although 
really coextensive with the whole sur&ce, we may, for con- 
venience, localise in the Hand. I shall say nothing of this 
wonderful organ here, but refer the reader to Bell's delight- 
ful and instructive work, wherein everything that was then 
known will be found elucidated. Nor is it necessary to do 
more than allude in passing to the so-called '' tactile cor- 
puscles " discovered by Meissner, and too readily admitted 
as " organs of touch " by many physiologists. These cor- 
puscles are miscroscopic structures found in the papillsB of 
the skin on the sole of the foot, palm of the hand, and occa- 
sionally in the lips and tongue. There is still great dispute 
as to the nature of these structures ; * and my own very 
limited acquaintance with them does not enable me to ex- 
press a preference for any one opinion ; but I feel quite 
certain that they are not tactile organs, because the sensa- 
tions of touch are as various and delicate in parts without 
these organs, as in parts with them, f 

Instead, therefore, of saying anything about the organ, 
we will devote our brief space to the sensations of Touch. 
The first question which meets us is, How we localize our 
separate sensations, since the whole of the surface is sensi- 
tive, and sensitive to nearly all the same stimuli ? 

Every one knows that we feel an impression in the sen- 
sorium, to which the nerve conducts the impression ; never- 
theless, we refer this impression to a distinct spot on the 
skin, and not indiscriminately to any spot. How does this 
localisation take place? How is it that sensations really 

* Meissnbb : Beitrdge zur Anat. und Physiol, der HmU; and in Siebold und 
Kdlliker'a Zeitachrift, vi. 296 ; Kolliker in the eame Journal, iv. 43 ; and Oetee- 
belehre, 1859, p. 106 ; IIuxlbt in Quarterly Journal of Micros, Science^ Oct. 1853, 
p. 1 ; FuNKE : Lehrbuch der Physiol. 1. 680. Lbtdio in MlUler^a Archiv^ 1866, p. 
150, and Lehrbuch der Histologies p. 68. 

t ScBiFf is also of the same opinion. He remarks that the hands of the 
itqnirrel are without these corpuscles. 
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felt in the centre should irresistibly be referred to the sur- 
face, so that to an uninstructed audience it would sound 
absurd to tell them their fingers did not feel the object 
which they touched ? 

The young infant has no such tendency to localise im- 
pressions. It feels the sensation of a pin pricking its 1^, 
or the lancet lancing its gums, or the fire burning its finger ; 
but has not learned to refer these sensations to special local- 
ities. It has not yet conceived the idea of externality. 

** The baby oew to earth and skj, 
What time his tender palm is prest 
Against the circle of the breast. 
Has never thought that * this is I.' 

But as he grows, he gathers much, 
And learns the use of ' I ' and * me,* 
And finds ' I am not what I see, 
And other than the things I touch.' 

So rounds he to a separate mind. 
From whence clear memory may begin. 
As through the frame that binds him in. 
His isolation grows defined." ♦ 

The infant world is wholly subjective. To conceive an 
external, objective cause of its sensations, would be more 
difficult for the infant, than it would be in ailer life to dis- 
sociate the external object from the sensation, and to con- 
ceive sensations as nothing but states of the organism. Only 
the psychologist can conceive that heat is not in the fire, 
hardness in stone, or sound in the thunderclap. We begin 
life with a complete ignorance of the external world ; as we 
advance, the presence of this external world becomes more 
and more obtrusive, till we need the aid of philosophy to 
reinstate the vanished conception of our inner life. 

The growth of the tendency to refer all sensations from 

* In Memariam. 

27* 
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within outwards, and to localise them in particular spots^ 
depends on two causes : First, there is a difierence in the 
sensations excited by impressions on different parts — those 
on the toe being somewhat unlike those on the finger, and 
both unlike those on the back or &ce. These differences 
the infant soon learns to distmguish, and learns to connect 
them with its experience of external bodies, — which is the 
second cause in operation. The infant incessantly moving 
its arms and legs, brings them in contact with objects, and 
learns to connect the two facts — contact and sensation — ^by 
which a dim conception of an external is reached. The same 
object is found to produce different impressions on hands 
and feet — and in time the recognition of each sensation is 
inseparable from a recollection of the part affected. 

It is because we thus learn to connect sensations with 
external objects, owing to the incessant contact of the sur- 
face with various objects, that even the sensations of our 
viscera are, so to speak, projected from the nervous centres, 
and conceived as external to the sentient organism. When 
the optic nerve is pressed, a flash of light appears before the 
eye — that is to say, there where light appears under ordin- 
ary circumstances. When the ulnar nerve is pressed — ^at 
what is popularly called the " funny bone " — a pricking sen- 
sation is felt in the fingers. When the auditory nerve is 
pressed, sounds are heard which seem to come from without, 
like all other sounds. So indissoluble is the connection of 
sensation with some distant spot on the surface, that after 
an arm, or a leg, has been amputated, the patient constantly 
feels sensations in the lost fingers and toes. In vain ex- 
perience contradicts the sensation ; in vain he sees that, his 
fingers and toes are not there to feel ; he feels them as dis- 
tinctly as ever he felt them tiv hen they were parts of his 
living body. Nay, so urgent is this conviction at times, 
that men have actually had the feet cut off because of the 
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pain felt there ; and the pain still continuing after the feet 
were removed, they have had the leg removed from the 
knee ; this not succeeding, they have had the hip joint re- 
moved. Here the seat of injury was not in the foot, but 
the sensation was referred to the foot. Schiff tells of a man 
whose leg had been cut off in childhood, and who felt pains 
in the toes of that foot during the whole of his subsequent 
life : at times he would forget his crutch, spring up from the 
sofa, as if both legs were at command, and only be aware 
of his lameness when he was prostrate on the ground. 

Long after we have learned to refer all sensations to the 
sur£ice, we have but an indistinct conception of the exact 
spot on that surface where the impression is made; and 
throughout life we are totally unable to refer with any ac- 
curacy to the particular portions of the viscera, back, neck, 
and legs, which are affected ; whereas the hands, feet, tongue, 
and face admit of marvellous nicety, in this respect. 

Weber measured the relative sensibility of various parts 
of the surface by means of a pair of compasses the points 
of which were tipped with cork. He noted the various de- 
grees of distance at which the two points could produce two 
distinct impressions, when the patient's eyes were bandaged. 
These measurements show that the tip of the tongue can 
distinguish two impressions when the compass-points ai*e 
only half a line * apart ; the tip of the finger when they are 
one line apart. Other spots vary still more widely ; for 
example, the distance of the lips is 2 lines, the tip of the 
nose 3 lines, the cheek 5 lines, palm of the hand 5 lines, 
forehead 10 lines, back of the hand 14 lines, chest 20 lines, 
back and thigh 30 lines. 

Sir William Hamilton remarks, f that if this experiment 
be repeated with a pair of compasses capable by slight 

* A line is the 12th of an inch. 

t HiMiLTOS : DintriaHonM in Bra>*8 Wwrh9^ p. 863 
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pressure of exciting a sensation of pricking or scratdiing, it 
will be found that there is no corresponding difference be- 
tween the parts in their sensibility to pain. On the con- 
trary, in places where the sense of touch is most alive, the 
sense of pain is in the first instance at least deadened, and 
the parts most obtuse in discriminating the duplicity of the 
touching points are by no means the least acute to the sen- 
sation excited by their pressure. The. tip of the tongue has 
fifty times the tactile discrimination of the arm ; but the 
arm is more sensitive to a sharp point applied, but not 
strongly, to the skin, than either the tongue or the finger, 
and at least as alive to the presence of a very light body, a 
hair, or feather, drawn along the surface. 

How much the degree and kind of sensation in various 
parts will depend on the nature of the epidermis covering 
those parts, may be gathered from Weber's experiments on 
patients who had lost a portion of the epidermis by burns. 
The sense of touch was completely destroyed in those parts ; 
the sense of temperature was so imperfect that no discrim- 
ination was possible between substances differing so widely 
in temperature as 48° and 113° : the patient sometimes de- 
clared he was touched with the colder substance, when in 
truth it was the warmer, and vice versd. On another occa- 
sion, when the substance was still higher in temperature, no 
sensation of warmth was felt, but one of pain. 

Curiously enough, the right hand, which is more sensitive 
to Touch than the lefl, is less sensitive to Temperature. If 
the two hands be dipped in two basins of water at the same 
temperature, the lefl hand will feel the greater sensation of 
warmth ; nay, it will do this even when thermometers show 
that the water in the lefl basin is really somewhat colder 
than that in the right basin. I suspect that with **lefl- 
handed " persons the reverse would be found. 

Having established these two points — ^first, that all sen- 
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satious are referred to the surface ; and, secondly, that va- 
rious parts of the surface differ in their degrees of Sensiblity 
—we shall now be able to understand how it is that sensa- 
tions come to be accurately localised. Touch a cold object 
with the foot, with the hand, with the arm, or with the cheek, 
and sensations of different quality will be felt, which expe- 
rience readily recalls as arising j&om those different parts. 
That it is experience recalling the past, and enabled to do 
so by the multiplicity of similar sensations in the past, is 
evident from this, that only those portions of the body which 
are habitually employed in such service are capable of ren- 
dering exact local references. Thus, let an insect sting us 
on the back, neck, arm, or leg, and we cannot, without the 
aid of some other guiding sensation, place our fingers on the 
spot, but only near it ; whereas on the face, tongue, or hand 
we can unerringly find out the spot at once. If the reader 
will rub his finger gently over the surface of his hand, he 
will find a succession of sensations, all slightly different, 
arising in each portion of the rubbed surface : let him do 
the same with his arm, and he will find the sensation is 
almost continuous. These differences are registered in the 
mind ; and it is because different spots yield different sensa- 
ions that we can unerringly refer each sensation to its par- 
ticular spot And thus we may explain why it is that a 
sensation of temperature cannot be excited by the applica- 
tion of a hot or cold body to the trunk of a nerve, although 
the same application to the filaments of that nerve, distri- 
buted through the skin, excites the sensation : our experience 
of Temperature is indissolubly connected with the peculiar 
sensations excited in the skin, and these cannot of course be 
excited where there is no skin. 

Before quitting this subject, it may not be uninteresting 
to notice the familiar phenomenon which succeeds pressure 
on the nerve-trunk of the arm or leg, and is popularly called 



254 OUS SENSES AND SENSATIONS. 

" pins and needles," or " leg asleep." It arises thus : By 
pressure, for a certain length of time, the sensibility of the 
nerve is greatly blunted.* When this pressure is removed 
suddenly, the sensibility will gradually be revived : as each 
nerve-fibre, composing the trunk, returns to its normal con- 
dition of sensibility, a pricking sensation is felt, and the suc- 
cessive prickings from the successive awakenings of the 
numerous fibres cause the " pins and needles." 

There are many other points connected with the Sense 
of Touch, but they belong properly to the province of psy- 
chology, and we shall not treat of them here, having to con- 
sider the other surface-sensations. 

2. The Sense of Taste. — This is indubitably a special 
sense. It has a special apparatus, and only in this appa- 
ratus can the sensations known as those of Taste be excited 
by savoury bodies, and only these sensations can be excited 
in it by electrical or mechanical stimuli. Instead, therefore, 
of seeking for the source of these sensations in the general 
surface of the body, we have to seek it in a particular part 
of the surface. What is that part 1 Ordinary usage has 
assigned to the tongue alone the function of Taste ; and I 
think ordinary usage is here physiologically correct, in spite 
of the disputes which have been, and still are, kept up by 
various experimenters. 

Miiller, for example, maintains that the back part of the 
mouth {fauces) is the seat of this sense, which is, however, 
more especially seated in the tongue. Valentin thinks the 
whole lining membrane of the mouth, as well as the upper 
and under surfaces of the tongue, are the seat of this sense. 
And as these are two of the mpst eminent names in modem 
science, a great weight necessarily attaches itself to their 
opinions. The subject is one, however, in which experiment 

* The phrase "gensihility of the nerve'MstiBediii the text ia its popular 
acceptation. The reader is aware that I admit aeosibillty only in nerve-centrea 
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is apt to bo delusive, unless excessive caution be employed, 
because when a savoury body is brought in contact with 
any part of the mouth, the dissolved particles are diffused 
by the saliva through the mouth, and quickly come in con- 
tact with the nerves of Taste, If, however, a sweet or bit- 
ter substance be rubbed against the gums, the palate, or the 
under part of the tongue— care being taken that the tongue 
does not touch gums or palate — no sensation of sweetness 
or bittemfess will at fir%i be felt. Soon afterwards a sensa- 
tion is felt, but that arises from the diffusion of the savoury 
particles. If the tongue be allowed to touch the spot, the 
sensation will be instantaneous. This experiment is easily 
performed, and its results are uniform.* 

For a substance to be tasted, it must either be in solu- 
tion, or be soluble in the moisture of the tongue. If insolu- 
ble, it excites a sensation of touch, but not of taste. The 
sensations of Taste may also be excited by mechanical and 
electrical stimuli — ^by gases, or a stream of cold air; 
which shows that the quality of sweetness, sourness, bitter- 
ness, or the like, depends on the nerve affected, even more 
than on the nature of the substance affecting it. Thus Henle 
found that a stream of cold air directed upon the tongue 
gave rise to a cold saline taste, like that of saltpetre. Dr. 
Baly found " that if the end of the finger be made to strike 
quickly but lightly the surface of the tongue at its tip, or its 
edge near the tip, so as to affect, not the substance of the 
tongue, but merely its papillae, a taste sometimes acid, 
sometimes saline, like the taste produced by electricity, will 
be distinctly perceived. The sensation of taste thus induced 
will sometimes continue several seconds afler the application 
of the mechanical stimulus." f I have found that active gar- 
gling with cold water often produces a decided sweet taste, 

* The investigations of Sohibxbb, NonnuXUt de guatu disquiaitioneaf 1856, 
entirely confirm this view. 

t Mi&LLSR's Physiology^ ii. 1062 ; Dr. Balt'8 note. 
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which lasts for several seconds ; yet drinking cold water will 
not produce the slightest sensation of taste. And Stich has 
recently published researches * which prove that gases are 
tasted no less than solutions. If the tongue be outstretched, 
carefully dried, the lips pressing upon it, and the nose stopped, 
a stream of carbonic acid gas directed upon the edges of the 
tongue will instantly produce the acid sweet taste of car- 
bonic acid ; whereas carbonic acid may be directed through 
water for a long while without rendering it perceptible to 
taste. Chloroform vapour also produces a taste under sim- 
ilar circumstances ; but if the edges of the tongue be cov- 
ered, and the vapour be directed on the upper or under 
surface^ no taste is felt. That electricity produces a sensa- 
tion of taste, every one knows. Indeed, it was in this very 
fact of taste arising from the contact of two metals in the 
mouth, that Volta's discovery originated ; and among the 
marvels of science we may surely rank this, that an obser- 
vation, apparently so trivial, should have been the starting- 
point of a series of discoveries which have changed the 
whole body of science, and have profoundly altered the 
whole possibilities of industrial art. Here, as throughout 
the study of Nature, we learn that nothing is trivial except 
to trivial minds ; and to trivial minds nothing is important 
unless it directly concerns their interests. 

Our senses are the sentinels which guard us against the 
approach of danger. The sense of Taste warns us against 
swallowing deleterious substances, as that of Smell warns us 
against noxious gases, and against some that are not nox- 
ious, while it allows others to pass which are very injurious. 
Indeed, the value of this service must not be exaggerated, as 
by many writers it is, who seem blind to daily fact, whwi 
they have a thesis to maintain. The Senses are sentinels 
which sometimes sleep, and sometimes allow an enemy to 

* See Cahbtatt : Jahrethericht^ 1857, p. 111. 
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pass, if the watchword be given ; and thus children are poi- 
soned by agreeable berries, men eat with great relish sub- 
stances which prove very noxious. "Among the lower 
animals," says Dr. Carpenter, " the instinctive perceptions 
connected with this sense are much more remarkable than 
our own " — & statement which is somewhat startling, con- 
sidering that man's instinct has enabled him to detect so 
many eatable substances which prove eminently beneficial ; 
but the grounds on which the statement is made are ques- 
tionable : ** Thus," he continues, " an omnivorous monkey 
will seldom touch fruits of a poisonous character, although 
their taste may be agreeable," * Agreeable to whom 1 — ^to 
the monkey ? If the taste were agreeable to the monkey, 
the poisonous character of the fruit would not prevent his 
eating it ; if disagreeable to the monkey, there is surely 
small marvel in his leaving it untouched, however pleasant 
the flavour may be to another animal. 

Sensations of Taste are properly only those of flavours. 
Many pungent substances, such as mustard, produce power- 
ful sensations ; but although frequently classed among the 
sensations of Taste, these are really nothing more than irri- 
tations, differing in degree, but not in kind, from those pro- 
duced by the same substances on other parts of the surface. 

Taste and Smell act so constantly together that we not 
unfrequently confound them. Many substances which are 
considered eminently savoury are tasteless if the sense of 
Smell be in abeyance — as when the nose is held, or at the 
early stage of a cold in the head. The bouquet of wines in- 
tensifies their flavour ; and there is no more popular method 
of taking a black draught than that of holding the nose till 
all be swallowed. 

There is another point in which Taste resembles Smell : 
a moist surface is absolutely necessary for the organ to be- 

* Butnan PhjfHologfff'p.Wi, 
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come sentient. No substance, however savoury, can be 
tasted if the tongue be perfectly dry ; whereas gases, as we 
have seen, require that the tongue should not be moist if 
they are to produce a taste. 

After-tastes are sometimes observed. They endure long 
after the substance which excited them has been removed, and 
modify the taste of other substances. MilUer remarks that 
after he had chewed a piece of the root of sweet-flag {Acorut 
calamus), milk and coffee had a sourish taste. The intensely 
bitter taste of tannin is followed by sweetness. Every one 
knows how sweets injure the flavour of wines, and how some 
other substances, such as olives or cheese, improve it« 
There appears to be something of the same relation existing 
among tastes which is observed among colours; those which 
are opposed, or complementary, rendering each other more 
vivid. 

Taste soon becomes blunted, unless varied; as the sensa- 
tion of colour becomes more and more indistinct the longer 
the eye dwells on it. In illustration of this there is a 
familiar experiment : a man's eyes are bandaged, and he is 
made to drink alternately of port and sherry ; at first he 
readily distinguishes the one wine from the othw; but afl^er 
a few sips it becomes impossible for him to say which is 
port and which sherry : whereas if he were allowed to eat a 
bit of biscuit, or to drink a little water from time to time, 
he could continue distinguishing each wine indefinitely. 

"The reaction of the sense of taste seems capable of 
being excited also through the medium of the blood, in the 
same way that the sense of vision is affected, so as to pro- 
duce flickering before the eyes, &c., by the presence of nar- 
cotic substances in the circulation, M. Majendie has ob- 
served that dogs, into whose veins milk has been injected, 
lick their lips with their tongue, as if they tasted. It is 
probable that the sense of taste is sometimes modified, and 
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iciiliar sensations of taste excited by internal changes in the 
1 of the nerves ; but it is difficult to distinguish such 
phenomena from the effects of external causes, such as 
changes in the nature of the secretions of the mouth." * 

3. The Sense of Smell. — The organ of Smell is situated 
in the upper part of the interior of the nose. This muoh is 
certain ; but the reader will probably be surprised to learn 
that serious doubts are permissible as to whether the so- 
called Olfactory nerves (the first pair) are in truth olfactory 
in function. Lot us first take a general view of the paita 

Iiposod to contribute to the sense of smell, as represented 
fig. 64, after f 



' Trom the base of the brain there issues on each side a 
[ process, with a bulb at the end (a and b). This pro- 
k is called the Oifactorius. It is now no longer rc^rded 
■e, but as a portion of the cerebrum. It was tlius 
^ that Galen regarded it, not on very accurate knowledge, 
r must admit ; and till the time of Willis this opinion 
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prevailed. From Willis down to our own day the process 
was considered to be the olfactory nerve, until miscroscopic 
examination showed that it was not a nerve, but a gangli- 
onic mass. The olfactory bulb (b) lies upon that part of 
the skull named the cribriform plate. Through the holes in 
this plate some five-and-twenty smaller processes, called the 
olfactory filaments (5'), descend, and ramify on the mucous 
membrane of the nose. 

To complete our survey of the organ, let us glance at 
the other nerves which enter the nose. At e we observe a 
twig of the ophthalmic branch of the fifth nerve, which has 
nothing to do with the sense of Smell. At c is the fifth 
nerve, and the Gaserian ganglion c ; and at d its superior 
maxillary division, sending off filaments which anastomose 
with the olfactory filaments. At o there are the twigs 
which supply the palate. 

All these are nerves ; but whether the olfactory fila- 
ments are nerves, is not, to my mind, absolutely certain ; 
and whether they have any intrinsic relation to the sense of 
Smell is even more dubious. 

If the olfactory filaments are really nerves, they are 
unlike every other nerve in the body. The bulb is a gan 
glionic mass, but the filaments which descend from it are 
unlike all other nerves issuing from ganglia. They are 
neither formed of tubular fibres, nor surrounded with the 
investing membrane (neurilemma), such as is found in other 
nerves, but with a very different membrane. They consist 
of a striped granular mass, not of distinct fibres. Nuclei 
are abundantly, but irregularly, scattered through this 
mass. Todd and Bowman remark, that if these filaments 
be compared with the filaments of the fifth nerve, which 
anastomose with them, the contrast will he very obvious. 
Those anatomists have given a representation of an olfac- 
tory filament of the dog, which is here reproduced, Fig 65. 
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This peculiarity id the structure of the olfactory filament 
has been carefully iavestigated,* and likened to that of the grey 
or gelatinous fibres which Remak firat discovered intermingled 
with true nerve-fibres in the sympathetic system. These 
grey fibres, however, are 
by many recent anato- 
mists prouomiced to be 
peculiar forma of c 
nective tissue and not 
nerve-fibres Be this as 
it may f we must i 
member that the grey I 
fibres only intermingle 
w th the ordinary fibres , 
they do not constitute the |j 
whole or greater part of 
a nerve, so that if the 
olfactory filaments are 
nerves they are markedly "A"in^Bm'tte'»dd"'B°iii'wBter" 

different from all other 

nerves Indeed two recent writers, Seeberg and Enchsen, 
declare them to be formed of connective tissue, and not to 
be nerves. Bidder, their master, holds the same opinion. 

There is one fact which is almost decisive. We know 
that all nerves degenerate when the ganglion with which 
they are in connection is destroyed. If, therefore, the olfac- 
tory filaments were nerves, they ought to degenerate after 
destruction of the bulb ; and as they do nol degenerate after 
destruction of the bulb, it is almost certain that they are not 
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nerves, I must now proceed to throw doubts on their ol&c- 
tory function. These doubts are by no means new. Ma- 
jendic thought he had proved by experiment that Smell per- 
sisted after the nerves had been destroyed ; but his experi- 
ments have been rejected, as proving nothing. Mi^endie 
said it would be Important to ascertain whether the congeni- 
tal absence of the olfactory nerves was coincident with ihe 
absence of Smell. " I do not know," he added, " that any- 
such case has been observed." Hereupon Longet replies 
with triumph, " In my Treatise on the Nervous Syatemy vol. 
ii. p. 38, may be read cases reported by Schneider, Kolfinck, 
Magnemus, Falmer, Rosenmtkller, Cerutti, Valentin, and 
Pressat, in which the complete absence of Smell coincided 
with a congenital absence of the olfactory nerves." * 

This answer seemed very conclusive to M. Longet, and 
may seem so to the reader, until he reflects that the £u^ of 
a function being absent at the same time that a particular 
organ is absent, is no proof of a direct and absolute relation 
between the two ; whereas if one case can be adduced in 
which the function was present, and this particular organ 
absent, that is categorical proof of the function not being de- 
pendent on the organ. One such positive would outweigh 
a hundred negatives. 

Majendie cited one case in which disease had entirely 
destroyed the olfactory nerves without destroying the sense 
of Smell. But B6rard, who communicated the case, subse- 
quently came to the conclusion, " that the information re- 
specting the olfactory sensibility of this patient, having been 
collected after the destruction of the nerves was ascert^ed, 
it is far from reliable, and, I am convinced, was false." * 

In cases of disease we are never certain as to the precise 
effects, for we can never be certain as to the extent of the 
organic interference. But in cases of congenital deficiency 

* LoHOBT : TraiU de Physiol., ii. 278. t Ibid* 
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we sometimes meet with instructive evidence ; and on this 
very subject we can bring forward one which has all the 
characters demanded by rigorous scrutiny, reported by an 
authority of the highest eminence, Claude Bernard. When 
he was Majendie's assistant at the College de France, he 
commenced the dissection of the head of a woman who had 
died of consumption in the hospital. On opening the skull 
he was startled to find a complete absence of the olfactory 
nerves. Closer investigation showed that m all other re- 
spects the brain was of the normal structure, its membranes 
and vessels normal, and the origin of all the other nerves 
perfectly regular; but of olfectory nerve, or bulb, there 
was not a trace. This was not a case of absence from dis- 
ease, but of congenital malformation. This interesting 
anatomical specimen is still preserved in the College de 
France ; and a figure, representing the brain and the base 
of the skull, is given by M. Bernard.* 

In the presence of such a remarkable fact as this, M. 
Bernard naturally sought its physiological interpretation. 
He went to the persons with whom the yoimg woman had 
lived for the last six months, and without giving them any 
due as to the object of his questions, interrogated them 
minutely respecting her modes of life, and her likes and dis- 
likes, taking especial care to draw the conversation to topics 
whidi would elicit details respecting her sense of smell. 
From them he learned that '' Marie found the odour of to- 
bacco insupportable," and that ^^ particularly in the morning, 
when she came into the room in which any one had been 
smoking overnight, her first act was to open the window to 
let out the unpleasant smell of stale tobacco— -/a mauvais 
odeur de pipe renfemiL^^ He learned also that she frequent- 
ly complained of the fetid smell of a closet which was near 
her room ; and that for six weeks she officiated as cook, 

* Claitdi Bimtasd : St/ttime Nerveux, it 2S2. 
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tasting the sausages, &c., and being rather distinguished for 
her skill at it. 

M. Bernard then went to the man with whom Marie 
had cohabited during four years. He said that Marie was 
fond of flowers, and always smelt at them. In fact, she 
tasted and smelt like every one else. A third person, who 
had tended Marie during her last illness, mentioned in par- 
ticular that Mai'ie often complained of unpleasant odours. 

It is impossible to escape the conclusion that Marie 
really did possess the sense of Smell, unless we suppose a 
conspiracy on the part of all these persons to state what they 
knew to be false — a conspiracy as incredible as it would 
have been idle. Even assuming an exaggeration in their 
statements, the particulars are such as force our belief that 
some degree of Smell must have been manifested ; and the 
presence of even a feeble Unction in the complete absence 
of the olfactory nerves, is enough to prove that the function 
in question cannot be that of those nerves. For observe, it 
is not a case of degree we have here ; it is not a case of 
olfactory nerves partially destroyed, or incompletely devel- 
oped ; it is a case of entire absence of those nerves, ganglion 
and all ; yet with this entire absence there is unequivocal 
evidence of the sense of Smell being present. 

M. Bernard remarks, that in no case hitherto recorded, 
has the absence of olfactory nerves been predicted from the 
imperfection of the sense of smell, and this prediction sub- 
sequently found to be accurate ; but that after the anatomi- 
cal fact has been discovered, men have sought for proofs of 
the absence of a sense of smell in what nurses or relatives 
could narrate. " If," he says, " any one case can be shown 
me in which, during life, the physician has observed absence 
of the sense, and predicted a corresponding absence of the 
nerves, which prediction has subsequently been verified, I 
will willingly hold my case to be insignificant. No such 
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case, however, exists." M. Bernard here seems to be more 
ready to concede the insignificance of his case than philoso- 
phy justifies. However great a presumption might be 
founded on the successful prediction, it would still be very 
far below the value of such a case as that recorded by him. 

This inquiry into the organ of Smell has only interest 
for the student ; the general reader must pardon its intro- 
duction — a pardon he can the more easily grant, since he 
has probably skipped the paragraphs devoted to the inquiry. 
Enough, then, if we know that the. mucous membrane lining 
the upper cavity of the nose is the seat of smell ; and as 
this part is also furnished with filaments from the fifth pair 
of nerves, we may conclude that these can serve the function 
of Smell as their fellows can serve the function of Taste. 

The odorous substances are very numerous ; but it is in- 
dispensable that they should be in a gaseous or volatile con- 
dition before they can excite the sensation of smell. Musk 
itself, powerful as is its odoriferous property, would produce 
no sensation on the olfactory organ, if applied to it in a 
solid state ; nor can liquids produce odours till they evapo- 
rate.* Our distinguishhed chemist, Mr. Graham, contributes 
the following valuable note to Mr. Bain's work on the 
Senses and the Intellect : — 

" Odorous substances are in general such as can be readi- 
ly acted on by oxygen. For example, sulphuretted hydro- 
gen, one of the most intense of odours, is rapidly decom- 
posed in the air by the action of the oxygen of the atmos- 
phere. In like manner, the odorous hydro-carbons are all 
oxydisable— the ethers, alcohol, and the essential oils that 



* "It throws some light on the diversity of taste which prevails in regard to 
scents, that the same substance may be agreeable in a diluted which is offensive 
in a concentrated state. The volatile oils of neroli, thyme, and patchouli are in 
themselves unpleasant, but when diluted with a thousand times their bulk of oil 
or spirit, their fragrance is delightful."— Johnstoh's Chemistry of Common Life, 
U. 844, last edition. 

28 
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make aromatic perfumes. The gases that have no smell 
are not acted on by oxygen at ordinary temperatures. The 
marsh gas, carburetted hydrogen, is a remarkable ease in 
point. This gas has no smell. As a proof of the absence 
of the oxydisable property, Professor Graham has obtained 
a quantity of the gas from the deep mines where it had lain 
for geological ages, and has found it actually mixed up with 
free oxygen, which would not have been possible if there 
had been the smallest tendency for the two to combine. 

Again, hydrogen has no smell, if obtained in the proper 
circumstances : now this gas, although combining with oxy- 
gen at a sufficiently high temperature, does not combine at 
any temperature endurable by human tissues. It is farther 
determined, that imless a stream of air containing oxygen 
pass into the cavities of the nostrils along with the odorifer- 
ous effluvium, no smell is produced. Also, if a current of 
carbonic acid accompanies an odour, the effect is arrested. 
These facts go to prove that there is a chemical action at 
work in smell, and that this action consists in the combina- 
tion of the oxygen of the air with the odorous substance." * 

In few things do human beings differ more widely than 
in their sense of Smell. Not only is the acuteness of this 
sense markedly different in different men, but of twenty 
men having average susceptibility, perhaps no two will be 
found to agree in considering the same odours agreeable. 
Musk is notoriously very offensive to many persons ; others 
do not like mignonette ; some do not recognise any odour 
at all in a flower considered very odorous by others. The 
Iris persica was found by Turner to have a pleasant odour 
by forty-one out of fifty-four persons, a disagreeable odour 
by one, and very little scent by four others. Of thirty per- 
sons, twenty-three held the Anemone nemorosa agreeable in 

* Bain : The Senses and the Intellect^ p. 163. 
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its perfume, and the other seven did not think that it smelled 
at all * 

The uses of smell are important, and in animals much 
more so than in man. It is by smell that they are guided 
to their food ; by smell they hunt their prey ; by smell they 
recognise each friend or foe in the dark. That we are not 
endowed with such keenness of scent, is probably owing to 
the comparatively small exercise of that function in civilised 
life. Having so many other avenues of sensation, so many 
other modes of recognising objects, this one falls into abey- 
ance, and becomes weakened from disuse. But in men bom 
with one or more of the other senses defective. Smell is 
seen to be an important avenue to the mind ; and in savages 
the keenness of scent notoriously surpasses that of civilised 
races. James Mitchell was bom blind, deiif, and dumb ; 
yet by smell he at once perceived the entrance of a stranger 
into the room. People who have a strong antipathy to cats, 
detect their presence by the odour in circumstances which 
would be thought impossible. A lady in my study one day 
suddenly remarked " There is a cat in the room ; " on my 
assuring her there was none, she replied, ** Then there is 
one in the passage." I went out to satisfy her ; there was 
no cat in the passage ; but on the first landing-stairs, look- 
ing through the railings, there, sure enough, was the cat ! 

Humboldt, whose authority renders credible what might 
otherwise seem questionable, declares that the Peruvian In- 
dians can, in the dark, distinguish by the smell the different 
races, European, American Indian, or Negro. 

There is one more point needful to be noted here : it is, 
that the animal efHuvia are all dense gases (except sulphu- 
retted hydrogen), and are difiused slowly. In course of a 

* Drapxb : Human Phyaiol,^ 427. Comp. also Mullsr, ii. 1317. There is a 
valaable collection of facta with regard to smell in Cloquet, Osphresiologie, 1821, 
» work often cited, but one I have not Been. 
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little time, they will mingle with the lighter gases, according 
to the law of diffusion, but inasmuch as they thereby become 
diluted, the odour will best be perceived somewhere near 
the ground. It is on this account that the pointer and 
bloodhound run with the nose to the ground. The unwhole- 
some effluvia of decaying matter will be felt in the ground- 
floor, scarcely perceived by the persons in the first-floor, and 
perhaps not at all in the garret. Hence the danger of lying 
on the ground in tropical swamps. " Swimg on a tree fifty 
feet high, one may pass the night safely." 

4. The Sense of Hearing, — The sensations of sound are 
quite special, and are only capable of being excited in a 
special organ, the Ear. This organ is very complicated, 
and as the functions of its various parts have not yet been 
all ascertained, it would lead us into unnecessary detail were 
we here to examine its structure minutely. Referring the 
student to anatomical writers,* we will endeavour to render 
the general stucture intelligible. 

The following figures represent a section of the auditory 
organ, somewhat magnified in respect to the deeper struc- 
tures. They are copied, with alterations, from Milne-Ed- 
wards : — 

The ear-bones removed from this figure are exhibited 
magnified in Fig. 67. 

The essential part is, of course, the auditory nerve, nu- 
merous minute filaments of which are distributed over the 
membrane which lines the spiral chambers of the Labyrinth, 
or internal ear. This membrane is a sac, enclosing liquid. 
It is also surrounded by liquid, which intervenes between it 
and the bony walls of the spiral chambers. The impression 

* ToYNBEE : Pholoa, Trans. ^ 1851 ; Todd and Bowman : Physiol. AfuU.^i\.\ 
Bharpet and Ellis : QuaMsAnai.^\\\.\ Kolliker : G^etceAe/eAre, 1859 ; CobtI 
in Biebold & Kolliker : Zeitschrifi^ 1851, ill. In Mullsr's Physiology^ the 
chapter on the Bense of Hearing is very exhaustive. Lokoet, also, is worth 
consulting : Traiti de Phys.y ii. 
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of tbe vibrations, produced in this liquid, o 

filaments, causes the sensation of sound. 



the auditory 




Fig. 87. 



How are these vibrations produced ? When bodies are 
struck, vibrations are communicated to the atmosphere. 
These reach the external ear. A mechanical contrivance of 
great aimplieity, which has teen 
imitated in the ear-t mm pet, col- 
lects and concentrates the vibra- 
tions on the membrane of the 
tympanum (or middle ear). The 
membrane bas been likened to 
the skin stretched across a 
drum. 

According to popular con- 
ceptions, the pulsations of air 
upon this membrane stretched across tbe tympanum arc the 
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causes of the sounds we hear. This is a mistake. A drum 
is silent if its skin be burst; because the skin is the 
vibrating surface of the drum. But the ear is not a drum, 
and the membrane of the tympanum may be burst, not only 
without destruction of hearing, but in some cases with a 
terrible increase in susceptibility to sounds. Cheselden de- 
stroyed both membranes in dogs, and found they were terri- 
fied at all loud sounds ; and there is a case on record of a 
man with a hole in his tympanum, to whom the whistling of 
another man in an adjoining room was intolerable. 

Nevertheless, we must bear in mind that the vibrations 
of this membrane are really of great assistance in hearing ; 
and it is found that a thickening, or stiffening of it, or even 
unusual dryness, will render hearing dull. Many a tem- 
porary deafness has passed away after the ear has been well 
syringed with warm soap-and-water. According to a valu- 
able memoir by Dr. Edward Clarke, an American physi- 
cian, the membrane plays a more important part than phys- 
iologists have been willing to admit. Against the facts 
cited above may be placed his observations of seventy-five 
cases of perforated membranes : of these, in Ryq cases, the 
tick of a watch was not heard ; in eleven others it was only 
heard when the watch was close to the ear ; in twenty-three 
others only at a distance of five inches from the ear ; in six- 
teen others only at a distance varying from six inches to a 
foot ; in fifteen others at a distance of one to two feet ; and 
in four cases at two to four feet ; whereas in the ordinary 
condition of the ear the tick is heard at fourteen or fifteen 
feet.* These observations are valuable, but I would call at- 
tention to a source of fallacy in them. It is forgotten that a 
man with one perforated tympanum has still the other ear 
unaffected, and with this other ear he ought distinctly to 

* Clarke : American Journal of Medical Science^ 1858, p. 13 ; abstracted in 
BROWN-SiQUABD's Joumol de la Phys., i. 644. 
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recognise the tick of a watch anywhere within fourteen feet. 
If he does not, there must be some other cause besides the 
perforation of one tympanum. 

The elastic membrane stretched across the drum of the 
ear is easily set vibrating by waves of air. These vibra- 
tions are communicated to the chain of little bones, called 
respectively the malleus, or hammer (directly attached to 
the membrane), the incuse or anvil, and the stapes, or stirrup, 
which is attached to the oval-shaped membrane stretched 
across an opening into the labyrinth, and called the fenestra 
ovalis. On the other side of this oval membrane, and fill- 
ing the cavity of the labyrinth, are, 1st, the liquid, and 2d, 
the membranous sac, on which ramify the auditory filaments, 
previously described. Thus is a communication established 
between the vibrations of an external body, say a violin 
string, and the vibrations of the membrane containing audi- 
tory filaments. Sonorous waves first agitate the tympanic 
membrane, which agitates the little bones, which agitate the 
labyrinthine liquid, which agitates the labyrinthine mem- 
brane, and here presses on the nerve-filaments. The pro- 
cess is really more complicated than this ; but this is a general 
outline, which must sufiice. 

The character of the sensation produced will of course 
greatly depend on the nature of the impression, whether 
rapid or slow, intense or delicate. There are three physical 
peculiarities in the sonorous vibrations. 

P. Intensity, or loudness and feebleness of sound. 

2°. Pitch, or the note sounded. 

3°. Quality, as when the same note is sounded on differ- 
ent instruments, as the piano or the violin, the fiute or the 
organ. 

An ear may be very susceptible to mere intensity of 
sound, noise, and little so to pitch or quality. The unmu- 
sical ear seems almost incapable of discriminating between 
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two sounds dlfTering only in pitch ; and there are great in- 
dividual varieties in the susceptibility even to pitch. Thus 
the cry of a bat is so acute as to be inaudible to some per- 
sons, — ^passing out of their range. It has been said that the 
deepest note audible by the human ear is one produce^ by 
32 vibrations in a second; but M. Savart's experiments 
prove that sounds produced by 14 vibrations in a second are 
audible. The acutest note audible is one produced by 
48,000 vibrations in a second.* 

What is the difference between a musical and an unmu- 
sical ear 1 It resides in this : That the musical ear is sensi- 
tive to the distinction between a noise and a note. "A 
musical note is in itself a harmony, being the equal tuning 
of successive vibrations or pulses. It is, in a minute or 
microscopical subdivision, the same effect as equality of in- 
tervals, or time, in a musical performance ; although the 
one may be a thousand beats in a second, and the other not 
more than two in the same time."f 

The effect of music on our emotions is an exaltation of 
the effect which all sounds produce, especially tones. The 
influence exercised by the voice of an actor or an orator, far 
transcends that which the mere meaning of his words would 
excite ; and if we disengage the mind from all influence of 
meaning — as when a foreigner speaks in a language unin« 
telligible to us — we shall appreciate this powerful effect of 
tone. The speech which roused an audience to extravagant 
enthusiasm, may bo read by people unacquainted with the 
speaker, and therefore incapable of even faintly imagining 
the tones, with complete calmness, and discriminating criti- 
cism ; nay, even the audience may subsequently read with 
calmness the speech which they heard with rapture. Hence 
it is that gre^t orators can never be fairly appreciated by 

♦ HuLLER : Physiology i ii. 1299. 

t Bain : The Senses and the Intellect ^ p. 207. 
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those who have not heard them. And we may also observe 
that this personality of the speaker has often gained a reputa- 
tion in society for wit, or eloquence, or capacity, which 
amazes those who have only the printed wit, or wisdom, on 
which to found their judgment. 

It is notorious that children and animals are affected by 
our voices, when quite incapable of understanding the mean- 
ing of our words. It is notorious also that the meaning of 
a phrase may be diametrically changed, by repeating the 
phrase with a slight variation in the tone ; and it is this 
which constitutes one of the iniquities of those who repeat 
to us what has been said behind our backs. The phrase 
may have been careless or insignificant, but the tone in 
which it is repeated may make it a wound. 

What are called subjective sounds — i, e, those sensations 
of sound which have no external cause — depend upon a 
pressure of blood-vessels on the auditory nerve. All stu- 
dents know the singing in the ears which accompanies over- 
work of the brain ; and all persons who have attended 
reviews, or made long and noisy journeys in rattling vehi- 
cles, will remember the continuance of the sounds long after 
the original cause had ceased. 

" A sudden noise excites in persons of excitable nervous 
system an unpleasant sensation, like that produced by an 
electric shock throughout the body, and sometimes a par- 
ticular feeling in the external ear. Various kinds of sounds, 
such as the friction of paper or scratching of glass, cause in 
many people a disagreeable feeling in the teeth, or, indeed, 
a sensation of cold trickling through the body. Intense 
sounds are said to make the saliva collect in the mouth in 
some people." * 

One of the marvels of hearing is the appreciation of the 
direction from which sounds proceed. Sensations of Touch 

* MVLLSR, if. 1311. 

28* 



274 OTJB SENSES AND SENSATIONS. 

• 

are referred to particular spots, only after multiform ex 
perience of the difference in the degree of the sensations ex 
cited in various spots. It is the same with hearing. We 
judge of the distance and direction of the sound by the kind 
of impression produced. The rumbling of a waggon in the 
street is thus often mistaken for distant thunder, or the dis- 
tant thunder is mistaken for the rumbling of a waggon. 
The voice is known to proceed from above, or below, or 
behind us, solely by the kind of impression produced. How 
delicate is the susceptibility to shades of difference, may 
best be illustrated by the wonderful accuracy with which 
blind men thread their way along crowded streets : not 
only do they learn to recognise the different kind of persons 
— policeman, porter, or gentleman — by the sound of the 
tread, but they learn, it is said, to recognise the difference 
between a man standing still, and a lamp-post at a short 
distance, simply by means of the reverberations of their 
own footsteps. 

5. The Sense of Sight — Although that objective some- 
thing, whatever it may be, which we call Light, affects the 
whole general surface, and in some animals excites very ap- 
preciable evidences of Sensibility, yet it is only through the 
Retina that it is capable of causing that specific sensation we 
call Sight. When rays fall upon the eyeless Polype, or 
Actinia, they cause it to move towards them, or away from 
them — they affect it; but not with the sensation of light; 
when they fall upon the optic nerve they produce no sensa- 
tion of light; but when they fall upon the retina^ and 
through it affect the optic nerve, the special sensation of 
light is produced. That it is not the object — undulating 
ether, or luminous corpuscle — which gives this specific 
quality to the sensation, but the condition of the optic ap- 
paratus itself, is evident from the fact, that pressure or irri- 
tation of the optic nerve also produces the sensation of a 
flash of light. 
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It ia obvious that if the vhola of this retina were ex- 
posed directly to the light, the whole surfaee would be 
stimulated — like the photographer's plate — and no images 
formed. To produce an image on the retina, or n picture 
oa the plate, an optical apparatus must be interposed. The 
globe of the eye is such an apparatus. Let it be briefly de- 
scribed. 



Fig «*. 




The globe of the eye iy composed of three enveloping 
, and three refratting humours. The coats are as 

I. The Sckrotie, (1) or outermost, a wliite, tough, fibrous 
membrane, into the front of ivhich the transparent Cornea 
(2) is let in, like a watchglass. In the centre of the Iru (6) 
^ the Pupil (7). 

~" IL The Choroid, (3) or middle coat, formed of blood- 
scls, on the inner side of which is a layer of black pig- 
ml, wliich ia deserving of particular attention, as will be 
1 hereafter. 

III. The Itelina (8), or innermoat coat, being an expon- 
fcn of the optic nerve (15), through which runs the artwj 
p6). 

The refracting humours are as follows : — 
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I. The AqueotLs (10) is the watery humour contained 
within the cornea. 

II. The Crystalline (12) forms the lens. 

III. The Vitreous (13), or glassy, fills the bulk of the 
globe, and is enclosed in a delicate membrane called the 
hyaloid. 

In these parts, only the Retina and the Choroid coat 
are concerned in producing the sensation of Sight. The 
rest of the apparatus is entirely optical, and subserves the 
purpose of throwing images on this sensitive apparatus. If 
we suppose an animal to possess an eye destitute of this 
optical apparatus, and having only a layer of pigment and 
a layer of nervous matter, we shall conclude it to have 
luminous sensations, but no images ; it can distinguish light 
from darkness, but has none of the wondrous vision of 
higher animals.* 

Two questions present themselves, What are visual im- 
ages, and, Where are they formed ? The old philosophers, 
following Democritus, believed that objects were continually 
throwing off attenuated images — eidola — of themselves; 
these entered the soul through the avenues of sense. This 
naive material conception was in time replaced by one less 
material, but less intelligible, namely, that the mind per- 
ceived objects through the medium of ideas, which were 
exact copies of objects. This conception was displaced, and 
the direct perception of the things themselves, without any 
medium of ideiis, was substituted for it. Throughout the 
course of metaphysical speculation, no one hesitated to . 
believe that images of some kind were formed in the eye, 
as in the mirror, and thence " transmitted to the mind." 
The fact, now familiar, that images can be seen upon the 
retina of an animal, as in a mirror, seemed to place this 
belief beyond dispute. 

♦ Compare Sea-Stde Studies, p. 312. 
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How many physiologists and philosophers of the present 
day really entertain this notion of images being transmitted 
to the brain, it is difficult to say, because ordinary language 
is so impregnated with the old conception, that men who 
have long rejected it as an hypothesis may still use it as a 
metaphor. We must be on our guard against such meta- 
phors. Even on the supposition that images are formed on 
the retina as the final condition of the sensitive stimulus — 
as the cause of the sensation— these images cannot be trans- 
mitted €is images to the brain. That which is transmitted 
is an excitation of the Neurility of the optic nerve, which 
will excite the Sensibility of its centre ; or in more un- 
technical language, it is the sensation which is transmitted, 
not the image. The optical apparatus which converges the 
rays of light into definite images may be, and is, indispensa- 
ble for the proper excitation of definite sensations ; as the 
acoustic apparatus of a pianoforte is indispensable for the 
production of those tones which in the ear will excite musi- 
cal sounds : a succession of waves of light will produce no 
images without such an apparatus, any more than a succes- 
sion of waves of air will produce musical chords. 

The formation of an image on the retina is the precursor 
of a visual sensation ; but this image is not transmitted to 
the brain. The oxidation of a volatile substance is the pre- 
cursor to an olfiictory sensation ; but this oxidation is not 
transmitted to the brain. The destruction of tissue which 
is the precursor of a sensation of a burn is not transmitted 
io the brain. That which is in each case transmitted is the 
excited sensation. 

For centuries metaphysicians have been misled by the 
notion that the idea of an object is a copy of that object — 
an image. The source of the fallacy is their having taken 
vision as their standard. If it seemed plausible to say that 
the image seen of the fire is an accurate copy of the fii*e, the 
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plausibility Tanished when the pain of a bum was the sensa- 
tion spoken of. When I see a rose, my eye is affected ; 
when I smell it, my nose is affected ; when I touch it, my 
fingers are affected : these three sensations are entirely 
different ; yet how can I be entitled to assume that the eye 
gives me a more accurate copy of the rose, than the hand 
or nose gives me ? 

Moreover, as regards the formation of images on the 
retina, it is necessary to be borne in mind, that wherever 
the image is formed, it has to be decomposed before it be- 
comes a sensation. And this leads us to the second ior 
quiry, Where are images formed? The usual answer is, 
On the retina. But there is every reason for believing thai; 
the retina is not the sensitive surface — ^not the analogue of 
the photographer's iodised plate. As this will probably 
surprise the reader, we may pause a while to consider the 
evidence. 

The retina is not simply an expansion of the optic nerve ; 
it is that, and something else ; it has a very complex struc- 
ture. The optic nerve, on entering the globe of the eye, 
expands, and forms a layer of fibres ; underneath this layer, 
and forming part of the retina, there is a layer of matter 
generally supposed to be nervous, but declared by some 
recent histologists to be nothing of the kind. The accom- 
panying figure, copied from Kolliker, represents the appear- 
ance of the retina in a transverse section, as seen under the 
microscope.* 

Here we perceive a layer of fibres (d)^ beneath this m 
layer of large cells (e), beneath this layers of granules 

* It may save eome trouble and vexation to the student who desires to in- 
vestigate this structure, if he learn that the appearance thus figured will prob- 
ably never be seen by him in any one section. After making at leaist fifty at- 
tempts in vain, I learned, in Germany, that Muller himself, who first described 
it, professed never to have seen the whole in any one preparation ; his plot are 
was made up by combination of various sections. 
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{/, A), united by radial fibres to the cells; and beneath this 

again a layer of perpendicular rods and cones (i, k), formerly 

known as Jacob's membrane. All these Tne. 69. 

layers are radially connected; so that! 

the nerve-fibre is said to pass down- f 

wards from the inner surface of the I 

retina to the pigment layer of the cho- 1 

roid. It is generally held by modern I 

anatomists that these rods and cones are I 

the real percipients of light : from these I 

the impression is transmitted to the cells, I 

and thenoe to the fibres of the optic £ 

nepre. Tbimstissi Bvirvm or 

It was hinted just now that the ner- ™ ^"m" ^■"■*- 
vous character of the retina was under '*,nmiiarymsmb™iB; 
question, only the fibres of the optic tareunknown);d,biT- 

^ ,.,.,, . er of opiic fibres : e, 

nerve being admitted by some writers iBrgocefLsi/.grannte.; 
to have that character. The doubt came ^^nii t, tT'rods 
from the Dorpat school, and was at first 
hotly disputed.* The question is too abstruse to be argued 
here, but there is one experiment, which, if confirmed, I 
should consider decisive. The reader knows that when a 
nerve is separated from all connection with ganglionic sub- 
stance, it degenerates ; but so long as any fibres are united 
with ganglionic substance, they survive. Now the cells 
found in tlie retina are held to be ganglionic, and indeed 
resemble those of the brwn. If they were ganglionic, they 
would preserve the fibres of the optic nerve with which 
they were connected. Here, then, experiment may pro- 
nounce, and has pronounced. Lehmann divided the optic 
nerve of a dog, and twenty days afterwards examined the 
retina — he found only the layer of optic fibres degenerated ; 

• Sea Blibsio x Dt mina Mlnuutra, IBU ; Ciestitt : JahTitberichl, KH, : 
BiDDii and EnrfriB : Teitur da JHtctomurb, p. 71 ; Fdiib ; Phyiielatit, 1. 
ni; K<)ll1iib: aembelehrci Lbtdio ^ BiwIiHogie. 
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and as these were not protected by the cells, the conclusion 
is that the cells are not ganglionic*. Thus the whole of 
the retina, except the optic fibres, is held to be connectiye 
tissue.* 

Let this question be decided as it may, the point for 
our present consideration is this, that the surface of the 
retina which is sensitive to light, is not the surface on which 
the rays first impinge — not the layer of optic fibres — ^but 
the inner surface, which is in immediate contact with the 
pigment layer. A moment's consideration will now make 
it evident that images cannot be formed on the retina, as 
they are on the receiving-screen of a camera lucida. In the 
first place, we must remember that during life the retina is 
transparent as glass. The rays of light will consequently 
pass through it, as through glass, and will be arrested by 
the black pigment on which they impinge. In the second 
place, it is certain that the optic fibres are insensible to 
light. There is a blind spot in every eye, which may be 
proved by the following experiment : Fix a red wafer 
against the wall, close one eye, and slowly retreat from the 
wall, looking steadfastly at the wafer : on reaching a certain 
distance, the wafer will suddenly vanish fi*om sight. If you 
now take a step backward, or a step forward, the wafer 
then becomes visible ; but always at that particular dis- 
tance where the rays converge so as to throw the Image on 
one spot of the retina, the wafer is visible. Now this blind 
spot is none other than the spot where the optic nerve 
enters the eye, and where, consequently, nothing but nerve- 
fibres exist. 

If, therefore, the retina is directly insensible to light, the 
rays of which necessarily pass through it to be absorbed by 
the pigment layer, we have to inquire how the retina be- 

• Lehmann : Experimenta quadamdenervi opticidtssectiadretifURtexturam 
vi et offectu, 1867. Cited by Hbnlb : Bericht fiber Anat.^ 1858, p. 162. 
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comes affected by the light after impinging on the pigment. 
That the pigment is really the part first affected, and that 
the retina is secondarily affected through this pigment, seems 
to me demonstrable from the fact that in the invertebrate 
animals the pigment layer is in front of the retina, not he- 
hind it, as in vertebrates, consequently the rays of light 
must first affect the pigment ; * and no one will suppose 
that images can be formed on a transparent substance, if 
tiie light first falls on a black surface covering the trans- 
parent substance. ^ 

But what is the nature of the effect on the pigment when 
Uie light has traversed the retina ? Here Professor Draper 
comes to our aid. Franklin, he reminds us, placed va- 
riously-coloured pieces of cloth in the sunlight on the snow. 
They were so arranged that the rays should fall on them 
equally. After a certain period he examined them, and 
found that the black cloth had melted its way deeply into 
the snow, the yellow to a less extent, and the white not at 
all. The conclusion Franklin drew has since been abun- 
dantly confirmed, namely, that surfaces become warm in 
exact proportion to the depth of their tint, because the 
darker surface absorbs the greater amount of rays. Apply- 
ing this to the eye. Professor Draper maintains that the 
black pigment layer is the real optical screen. Its perfect 
opacity causes it to absorb the rays of light ^ turning them 
into heat. An image is thus burnt in upon the retina. 
" The primary effect of rays of light upon the black pig- 
ment is to raise its temperature, and this to a degree which 
is in relation to their intensity and intrinsic colour. In this 
local disturbance of temperature the act of vision commen- 
ces." f In the blind Crustacea there is no pigment ; and 
in Albinos, whose vision is very imperfect, the pigment is 
of a lighter colour than ordinary. 

* The point is argued in Sea-Side Studiest p. 847-S2. 
t Dbapkb : Human Phynclngy^ p. 887. 
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The conclusion at which we have arrived is, that the 
optical apparatus of the eye is necessary for the formation 
of definite images on a s^isitive surface, which would other- 
wise be indefinitely stimulated. These images, or rays of 
light, pass through the retina, and impinge on the black 
pigment, in which they cause a change of temperature ex- 
actly proportionate to the intensity and intrinsic colour of 
each ray. This change of temperature acts upon the inner 
layer of the retina, the rods and cones ; which in turn stim- 
ulates the Neurility of th^ outer layer, the fibres of the 
optic nerve ; and this Neurility awakens the Sensibility of 
the optic ganglion, which may or may not awaken that of 
the brain. How far this is from the doctrine of " images 
transmitted to the brain " need not be pointed out. 

Our conclusion further elucidates the subjective nature 
of vision. We can no longer suppose that we see the ob- 
jects themselves. Our visual sensations are simply excited 
states of our sentient organism. Hence it is not more 
wonderful that a man whose eye was extirpated should per- 
ceive, when the other eye was closed, different images, such 
as lights, circles of fire, dancing figures, &c., floating in front 
of the eyeless orbit, than that a man whose leg had been 
amputated should feel distinct prickings in the absent toes. 
The fact that luminous sensations are excited ordinarily by 
the action of the retina, but also, exceptionally, by internal 
causes irritating the optic centre, enables us to understand 
spectral illusions. It is well known that persons suffering 
from brain disease, or disturbance of cerebral circulation, 
have seen spectral objects with a vividness equal to that of 
actual vision. A black cat is seen to run up the wall ; a 
person is seen to enter the room ; and no assurance of the 
bystanders to the contrary will persuade the patient that 
what he sees so vividly is not actually present. 
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At the Leeds Meeting of the British Association, Pro- 
fessor Stevelly narrated the following anecdotes : — 

At the close of the last college session he had been in 
weak health, and had gone out to his brother-in-law's seat 
in the country for a few w^eeks. While there, he had be- 
come greatly interested in the economy and habits of the 
bees. " One morning, soon after breakfast, the servant 
came in to say that one of the hives was just beginning to 
swarm. The morning was a beautifully clear, sunny one, 
and I stood gazing at the insects, as they appeared projected 
against the bright sky, rapidly and uneasily coursing hither 
and thither in most curious yet regular confusion, the drones 
making a humming noise much louder and sharper than the 
workers, from whom also they were easily distinguished by 
their size; but all appearing much larger in their rapid 
flights than their true size. In the evening, as it grew 
dark, I again went out to see the beehive, into which the 
swarm had been collected, removed to its stand ; soon after 
I was much surprised to see, as I thought, multitudes of 
large flies coursing about the air. I mentioned it to my 
sister-in-law, who said I must be mistaken, as she had never 
seen an evening on which so few flies were abroad. Soon 
after, when I retired to my chamber, and knelt to my 
prayers before going to my rest, I was surprised to see 
coursing back and forward, between me and the wall, what 
I now recognised as the swarm of bees, the drones quite 
easily distinguishable from the workers, and all in rapid 
whirling motion as in the morning. This scene continued 
to be present to me as long as I remained awake, and occa- 
sionally when I awoke in the night ; nor had it entirely faded 
away by next night, although much less vivid. This was 
the first instance I had ever heard of moving impressions 
having become permanently impressed on the retina, nor 
can I give the slightest guess at the modus operandi of the 
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nerve. Notices of fixed impressions, particularly after 
having been dazzled, are now common enough. The Rev. 
Dr. Scoresby, at the late meeting at Liverpool, had given a 
detailed account of some which had presented themselves 
to him ; and ft very curious one had occurred to me some 
years since. I was walking down the streets of Belfast 
with Sir John Macneill, the eminent engineer, when he said 
to me — ' What has become of my old friend Green, who 
kept that shop ? I see new people have got it.' Turning 
suddenly to look at the shop indicated, I was completely 
dazzled by the bright reflection of the sun shining on the 
new brass-plate under the window of the shop, so that for 
some seconds I could see nothing. As we walked on, I 
soon observed before me in the air the words * J. John- 
stone & Co.,' in blood-red characters, which soon, however, 
changed to other colours. With an exclamation of surprise 
I stated the fact, and we turned back to see whether or not 
this was really the inscription on the brass-plate, and found 
that it was. The optical account of this was simple enough. 
The retina had been partially paralysed from the intense 
light reflected from the plate, but as I had turned with pain 
from it instantly, the part corresponding to the black letters 
on the plate had escaped ; and as I walked on, the red strong 
light reflected from surrounding objects on this part be- 
came contrasted with the darkness, as yet showing itself on 
all the surrounding parts of the disordered retina : as the 
retina recovered its tone, other colours in succession took 
possession of the place which at first had been red. Sir J. 
Macneill then told me that when first he had gone to reside 
in London, a murder had been found out by a similar cir- 
cumstance. The murderer, then unknown, had been dazzled 
by the reflection of the sun from a bucket of water which 
another man was carrying before him ; and soon after see- 
ing in the air what he took for a bucketful of blood going 
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before him, he was seized with such horror that he dechired 
himself the murderer, and disclosed such facts as brought 
the crime home to him, so that he was convicted and exe- 
cuted." 

These curious cases are doubtless referable to different 
causes. In the first and third, we have the effect of sugges- 
tion acting on an over-excited brain, and producing a spec- 
tral illusion, similar to that of mania, or dreaming. In the 
second, we have simply the effect of the duration of a sensa- 
tion. It is weU known that a sensation endures some time 
after the cessation of the actual impression. According to 
Plateau, the sensation endures about l-35th of a second 
after the impression has ceased. But this duration must of 
course vary with the intensity of the impression. If we look 
at the moon and close our eyes, the image will vanish much 
more rapidly than the image of the sun imder similar cir- 
cumstances. If we fix our eyes on the panes of a window 
through which the sunlight is streaming, the image of the 
panes will continue some seconds afler closure of the eyes. 

It would be pleasant and profitable to enlarge on this 
subject of ocular spectra, were there space at disposal ; 
but we have still more pressing topics to which we must 
address ourselves. There is, for instance, the interesting 
and oflen-mooted problem of how, with two eyes directed 
to a single object, we have only one image, and not two. 
Both eyes are equally capable of seeing ; both retinas are 
certainly affected by the object ; both eyes can alternately 
be directed towards it, and see it ; yet when both are sim- 
ultaneously directed towards it, only one image is seen, 
only one sensation is perceived. Many explanations have 
been offered of this paradox ; but I think they have all 
failed, because they have all been sought in a wrong direc- 
tion. A few years ago I proposed an explanation, which 
still seems to me the only one consistent with what is 
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known of the other senses. Instead of seeking an anatomi- 
cal or optical cause, it seemed to me that we ought to seek 
a psychological cause. Instead of trying to explain single 
vision as the result of the decussation of the optic nerves, 
or of those optical principles which Professor Wheatst€«ie 
has made familiar by his stereoscope, let us first ascertain 
whether the fact to be explained is peculiar to the sense of 
sight 1 To ask this question is to answer it. If we have 
two eyes and single vision, we have also two ears and single 
hearing, two nostrils and single smelling. The mere cita- 
tion of such facts suffices to overthrow all the anatomical 
and optical explanations. The cause must lie elsewhere ; 
and must be common to all sensations. 

Inasmuch as the object affects both eyes simuUaneouslffy 
and with equal intensity, it cannot produce two sensations, 
but only one sensation. Simultaneousness of two impres- ^ 

sions renders them indistinguishable from each other. Let 
two sounds of precisely similar pitch and intensity succeed 
each other, and, however slight the interval, the two will be 
heard as two— provided the interval be appreciable, and the 
sensation of the first have diminished before the second be 
excited; but if, instead of this appreciable interval, the 
sounds are simultaneous, the two will be heard as one ; they 
can only be distinguished as two when some difference in 
quality exists. It is the same with vision. Only when the 
images are successive, or different, can they be successively 
or differently recognised: two identical impressions must 
produce one sensation. 

There are, indeed, occasions when single objects produce 
double images. The drunken man sees objects double. I 
think this perfectly explicable on the principles just laid 
down. The effect of alcohol has been shown by Ecker * to 
be a considerable interruption to the circulation in the 

* Ecker in ScnMiDT^s Jahrbucher der Medicin^ Izzxiz. 164. 
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brain ; this irregularity in the circulation will produce an 
irregularity, or want of simultaneous co-ordination, of the 
muscles, and consequently a want of simultaneity in the ac- 
tion of the senses. Again, there is the popular experiment 
of crossing the second finger over the first, and with the sur- 
faces of both, feeling the tip of the nose, which gives two very 
distinct sensations, so that we seem to feel two noses. The 
explanation I take to be this : by the pressure on the nerve 
of the second finger, the impression is slightly retarded and 
deadened, so that the two fingers convey the same impres- 
sion successively and differently. If the two fingers, un- 
crossed, touch the nose, the two impressions will be simul- 
taneous, and only one sensation will be felt. 

Another interesting question is, Why objects are not 
seen inverted ? It is demonstrable, on optical principles, 
that the image of an object formed on the retina must be iu- 
verted. Why then do we not see it so 1 Here again the 
question is psychological, not optical. If all objects are in- 
verted, the relative position of each will be unchanged ; 
when all are inverted there can be no perception of their in- 
version : it is as if none were so. It is in our own sensations 
we must seek for top and bottom. We learn to associate cer- 
tain sensations with certain relative positions. " An object 
seems to us to be up or down according as we raise or lower 
the pupil of the eye in order to see it ; the very notion of 
up and down is derived from our feelings of movement, and 
not at all from the optical image formed at the back of the 
eye. Wherever this image was formed, and however it 
lay, we should consider that to be the top of the object 
which we had to raise our eyes or our body to reach." * 

Among the remarkable phenomena connected with vision 
is that of an inability to distinguish certain colours and shades 
of colour, which recent investigations have proved to be 

* Baxh : The Seruea and the JnteUeet^ p. 233. 
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much more frequent than was suspected.* Dalton, the cel- 
ebrated chemist, published an account of his own infirmity 
in this respect, and the name of " Daltonism " was for a 
long period given to it. Dr. Wilson not only shows that it 
is of very frequent occurrence, but that in some cases it is 
the source of ludicrous, and in others of lamentable results. 
We learn with surprise that there are a great many people, 
apparently in possession of eyes as good and true as our 
own and who have never suspected any defect in their ap- 
preciation of colours, yet who, on examination, turn out to 
be totally incapable of distinguishing red fi'om green, or 
black, when substances of these three colours are placed side 
by side. Out of 1154 cases in Edinburgh alone, it was 
found that 1 in every 18 was more or less afflicted with 
colour-blindness. Of these, 1 in every 55 confounded red 
with green ; 1 in 60 confounded brown with green ; and 1 
in 46 confounded blue with green. 

Dr. Wilson tells of a tailor who, having been rused 
from the position of " cutter out " to that of foreman, put 
green strings on a scarlet livery, and assured a customer 
that a red and blue stripe was all blue. Another tailor 
sewed a black coat with red thread. A Quaker shocked his 
wife by purchasing a bottle-green coat for himself, and scar- 
let merino for her, thinking he had secured a lovely drab. 
One gentleman, meeting a lady dressed in vivid green, mis- 
took this for mourning, and began condoling with her. It 
is obvious that a sailor or a railway guard — to whom the 
colours are the alphabet in signals — would be dangerously 
mis-placed if he were troubled with this colour-blindness. 
It appears from Dr. Wilson's researches, that wonien are 
seldomer colour-blind than men. It also appears — and this 
is remarkable — that those colours which to ordinary vision 

♦ "Wilson : Researches on Colour-BlindneaB. 
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are most strongly contrasted, are more frequently con- 
founded by the colour-blind than the intermediate tints. 

In closing here our necessarily imperfect survey of the 
great subject of our Senses and Sensations, the chief points 
of which have alone been noticed, it will be needless to in- 
dicate the deep psychological interest which attaches to such 
inquiries, since every one is aware of the strange blending 
of Thought in the act of Perception. We fancy that we see 
the solidity of an object, when in truth we infer it ; we say 
" we heard thunder,*' when all that we heard was a sound, 
which we inferred to be the sound of thunder. The other 
day, during a country walk with a friend, the sound of 
horses' hoofs behind us reached our ears, unaccompanied by 
any voices. Presently the riders passed us, and I remarked 
to my companion : " It's very odd, but I was convinced 
that there were two women and a man on horseback behind 
us, and, sure enough, there they are." My companion de- 
clared he had formed the same conjecture. This conjunction 
of our inferences made it improbable that it should have 
been mere vague fancy — a guess without justifiable grounds ; 
and I began to consider what could have been the indications 
which led us both to form it. All that we had to infer from 
was the sound of horses. In what could that suggest the 
sex of the several riders ? Do women ride differently from 
men ? Yes : they canter, men trot. The sound of two 
cantering horses accompanying the sound of a trotting horse, 
suggested that two women were riding with one man. I 
may further remark that neither of us had, to our knowl- 
edge, ever noticed the fact, as distinctive of women's riding ; 
we must have noticed it, and silently registered it in our 
minds, otherwise the sound would not have suggested the 
sex of the riders ; but we had never taken distinct cogni- 
sance of it ; and had we been asked if there was any pecu- 
liarity by which the sound of a horsewoman could be distin- 
29 
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guished from that of a horseman, it is most probable that 
we should have been unable to specify it. 

Finally, I would call attention to the psychological im- 
portance of that vast class of sensations which has been 
termed Systemic-consciousness, and which psychologists and 
physiologists have so strangely neglected. They have given 
to the Sense-Sensations an almost exclusive part in the for- 
mation of our sensational activity, and often spoken of the 
mind as a mere educt of the Five Senses. The most strik- 
ing example of this is seen in Condillac's famous statue, 
which is endowed successively with each of the five senses, 
and with each endowment developes gradually a complete 
mind. Monstrous as this hypothetical statue is, it is only a 
logical development of the conception that mind is the com 
bination of the five senses. In these pages an attempt has 
been made to show that Mind is the psychical aspect of Life 
— ^that it is as much the sum total of the whole sensitive or- 
ganism, as Life is the sum total of the whole vital organism 
—that various organs may be set apart for the performance 
of various special functions, mental as well as vital, but that 
no one exclusive organ of Mind can be said to exist, any 
more than one exclusive organ of Life can be said to exist. 
The reader may reject this view, which is submitted to him 
as the result of many years' meditation, and with that hesi- 
tation which naturally belongs to an opinion incapable of 
proof; but he is not at liberty to reject the fact that, over 
and above the sensations derived through our five Senses, 
there is a vast class of sensations derived through the 
Muscles and Viscera, sensations not less specific, not less 
important, than those of eye or ear : he is not at liberty to 
reject this, because it is capable of proof, as rigorous as the 
proof of the existence of Sight or Taste. 
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" Our little life is rounded with a sleep." The toils and 
anxieties, the schemings and excitements of the day, all 
merge in Sleep, which brings peace and renovation to mind 
and body. The fretfnl child cries itself asleep ; in sleep the 
weary man* loosens his overstrung faculties ; the wretched 
man forgets his misery. Nearly a third part of our lives 
is passed in sleep, which, for all the active purposes of life, 
is a blank. 

I. Sleep. — What is Sleep? We do not know. We 
can only say that it is a condition belonging to almost every 
animal organism (at any rate, to every organism possessing 
a high nervous development), which seems naturally brought 
about by the activities of that organum, and which, in some 
unexplained manner, helps to reinstate the exhausted energy 
of brain and muscle. What is called the sleep of plants has, 
I conceive, only a superficial analogy with the sleep of ani- 
mals, and is altogether dependent on totally dissimilar pro- 
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cesses. The phenomena of sleep are restricted to the brain 
and higher senses ; there can be no sleep where these are 
absent. 

It is not difficult to decide whether a man is asleep, or 
dead, or swooning, or in a state of coma, or in a profound 
reverie. Artfully as he may feign to be asleep, observers 
will soon detect the feint ; not because we know what sleep 
is, but because we know the many invariable signs of sleep. 
This is very much the position in which Physiology stands 
with reference to the problem of sleep. Certain phenomena 
have been well observed, but the organic condition, or sum 
of conditions, on which these depend, remains so entire a 
mystery, that we cannot even venture on a tolerable defini- 
tion of Sleep. Let us, therefore, leave it undefined, and be 
content with noticing some of its leading characteristics. 

Look at that child : wearied with play, he has throMm 
himself upon the ground, and, resting a flushed cheek upon 
one arm, he lies there breathing equably, with motionless 
limbs, eyes closed, brain shut out from the lights and noises 
around him. If you touch his hand, he will withdraw it ; 
if you tickle his cheek, he will impatiently turn his head 
aside ; but even should he turn his whole body round, he 
will not, perhaps, open his eyes — will not know who it is, 
or what it is, that molests him ; he will not awake. His 
mind, engaged in dreams, is disengaged from external things : 
they may make impressions on him, excite sensations in 
him, but these sensations are not wrought up into knowledge. 

His senses are dormant, or but feebly active, and his 
brain is occupied with dreams ; his limbs are motionless, 
his fingers relax their grasp, and the muscles of his neck no 
longer support his head. But the heart beats vigorously, 
and pumps the blood incessantly all over the body, the 
chest expands and contracts, the stomach and intestines di- 
gest, all the secretions are going on. 
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We thus perceive how very superficial is the analogy of 
Sleep and Death, supposed by the ancient mythology to be 
brothers, and even by moderns supposed to resemble each 
other so closely that Death is called an eternal sleep. But, 
strictly speaking, there is not only no true antagonism be- 
tween Sleep and Life, there is not even an antagonism be- 
tween Sleep and Waking. In Death, all the activities 
peculiar to the vital organism cease ; in Sleep they all con- 
tinue : and if some of them are more languid and intermit- 
tent than during the waking hours, and if, in consequence 
of this languor, their mutual action and reaction are modi- 
fied, this will constitute a difference, but not an antagonism. 
Sleep is a form of life, not a cessation of life. Indeed, 
Grimaud, Brandis, Fessel, Buffon, Burdach, and probably 
other physiologists, have declared Sleep to be the normal 
condition of Life, out of which it periodically passes into 
the waking condition ; and certainly the whole of the life of 
the embryo is passed in sleep : nor does the infant, during 
the first months after birth, keep awake for more than brief 
periods ; sleep is to it the rule, and waking the exception. 

It would perhaps be more consistent with all our ideas 
to consider both Sleep and Waking as normal conditions of 
the vital organism, which periodically succeed each other. 

After this survey, can we decide on any one character- 
istic which would serve as the sign of Sleep ? The motion- 
lessness of the limbs will not serve us, for limbs are 
motionless in coma, in repose, or in feigned sleep, and they 
are active in somnambulism. Nor will the stillness of the 
mind and senses serve us, for the mind is indubitably active 
during dreams, and quiet during coma ; while the senses are 
almost as heedless of impressions during reverie. As we 
think, walk, and talk during sleep, it is clear that sleep must 
be some condition which permits all forms of vital activity, 
though not all the ordinary combinations. 
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The impossibility of specifying any one characteristic 
disposes us to adopt Sir Henry Holland's view, that " sleep 
is not a unity of state, but a series of fluctuating conditions^ 
of which no two moments are perhaps strictly alike." * This 
renders it intelligible that men are known to sleep on horse- 
back, soldiers to sleep while marching, and village minstrels 
while playing to indefatigable dancers. It is a rapid oscil- 
lation between sleeping and waking. The muscles are in 
constant activity, and the Sensibility is sufficiently active to 
respond to delicate stimuli. I can see no reason for adopt- 
ing the ordinary explanation of these actions during sleep, 
namely, that they are " automatic," or " secondarily auto- 
matic," if by these terms sensation is meant to be excluded 
(as it always is meant). On the contrary, it seems clear 
that in each case a suspension of the Sensibility would bo 
followed by a cessation of the actions. The muscular sensi- 
bility must be excited, otherwise the reins would fall from 
the relaxed grasp of the rider, the musket would fall from 
the hands of the soldier, and the fiddle from the hands of the 
minstrel. This would at once cause them to wake up in 
alarm ; or, if the stupor had become too intense, the men 
themselves would fall. The better explanation is that of 
Sir Henry Holland : " At every moment, the mind lapses 
into a dozing state, from which the loss of the balance of 
the body as frequently and suddenly arouses it. Neither 
the sleep nor the waking consciousness is perfect, but the 
mind is kept close to an intermediate line, to each side of 
which it alternately passes. No such line, however, really 
exists ; and it is merely a rapid shifting to and fro of con- 
ditions of imperfect sleep and imperfect waking, giving 
curious proof of the manner in which these states graduate 
into one another." 

" Watch again," he continues, " the loss of voluntary 

* Holland, Chapters on Mental Physiology^ p. 81. 
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power in a person sinking quietly into sleep — how gradual 
it is — ^how exact a measure of the state coming on. An ob- 
ject is grasped by the hand, while yet awake ; it is seen to 
be held less and less firmly, till at last all power is gone, 
and it falls away. The head of a person in a sitting posture 
gradually loses the support of the muscles which sustain it 
upright ; it droops by degrees, and in the end falls upon 
the chest. Here again we have proof of the rapidity with 
which the loss and recovery of voluntary power may alter- 
nate on the confines of sleep. The head falls by withdrawal 
of power from particular muscles. The slight shock thence 
ensuing partially awakens and restores this power, which 
again raises the head. 

"The gradual changes which occur in the perceptions 
from the senses, while sleep is coming on, afford the same 
curious notices of the condition of the mind in its relations 
to the world without. The sight, the hearing, the touch, all 
show the progressive lessening of sensibility through every 
stage of change, with the same fluctuations which attend 
those of voluntary power ; and giving similar proof that 
the state of sleep is ever varying in degree as respects these 
several functions. We find, for example, one condition of 
sleep so light that a question asked restores consciousness 
enough for momentary understanding and reply; and it is 
an old trick to bring sleepers into this state, by putting the 
hand into cold water, or producing some other sensation, 
not so active as to awaken, but sufficient to draw the mind 
from a more profound to a lighter slumber. This may often 
be repeated, sleep still going on ; but make the sound louder 
and more sudden, and complete waking at once ensues. The 
same with other sensations. Let the sleeper be gently 
touched, and he shows sensibility, if at all, by some slight 
muscular movement. A ruder touch excites more disturb- 
ance, and probably changes the current of dreaming ; yet 
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sleep will go on, and it often requires a rough shaking, par- 
ticularly in young persons, before full wakefulness can be 
obtained." * 

The series of fluctuating conditions which we name sleep 
— and which passes by insensible gradations from waking to 
dozing, from dozing to dreaming sleep, and from that (per- 
haps) even to dreamless sleep^is determined by the state 
of our organs. It cannot be brought on by any effort of 
our will, unless other predisposing causes co-operate. 
Every one knows the wretchedness of a sleepless night. 
On the other hand, no effort of our will can prevent sleep 
under certain conditions of the exhausted organism. Neither 
pain nor fear of death will suffice. Damiens slept on the 
rack, exhausted by torture ; and many a victim to chronic 
pains knows the temporary refuge of sleep. Gunners fall 
asleep beside the booming cannon. An engineer has been 
known to fall asleep within a boiler which his comrades 
were beating outside with their ponderous hammers. M«i 
sleep soundly the night before their execution ; and they 
will rather brave death by sleep, than escape death by keep- 
ing awake. A curious example is recorded in the first 
volume of Coolers Voyages, Mr. Banks and Dr. Solander 
had been botanising among the hills of Terra del Fu^o. 
On their return towards the ships, after travelling through 
considerable swamps, the weather became bitterly cold, ac- 
companied by sudden blasts of piercing wind, and heavy 
snow. Finding it impossible to get back to the ships before 
morning, they resolved to push on through another swamp 
that lay in their way into the shelter of a wood, where they 
might build a wigwam and kindle a fire. Dr. Solander, who 
had more than once crossed the mountains dividing Sweden 
from Norway, and who well knew that extreme cold, espe- 
cially when joined with fatigue, produces a torpor and sleep- 

* noLLAMD : Chapters on Mental Phyaiology^ p, 84. 
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iness which are almost irresistble, conjured his companions 
to keep moving, whatever pain it might cost them, and 
whatever relief they might be promised by an inclination to 
rest. " Whoever sits down," said he, " will sleep ; and who- 
ever sleeps, will wake no more^'* Thus at once admonished 
and alarmed, they set forwards ; but they had not gone far 
before the cold became so intense as to produce the effects 
that had been most dreaded. Dr. Solander was the first 
who found the inclination, against which he had warned the 
others, invincible, and he insisted on being suffered to lie 
down. Mr. Banks entreated and remonstrated with him to 
no effect. Down the Doctor lay upon the ground, and it 
was with difficulty he was kept from sleeping. One of the 
black servants, named Richmond, did the same ; when he 
was told that if he did not go on he would soon be frozen 
to death, he replied that he desired nothing more than to lie 
down and die. The Doctor said he was willing to go on, 
but he must first take some sleep, although he had only re- 
cently told them that to sleep was fatal. Afler an angry 
altercation, the two were propped up against some bushes, 
and in a few minutes were profoundly asleep. Five min- 
utes afler, some of the men returned to say a fire was kindled 
a quarter of a mile further on. Mr. Banks then roused Dr. 
Solander ; but although he had only slept five minutes, he 
had almost lost the use of his limbs, and the flesh was so 
shrunk that his shoes fell from his feet. He consented to 
go forward with such assistance as could be given him, but 
no attempts to relieve poor Richmond were successful. He, 
together with another black left with him, died. 

Although we can neither fall asleep by willing it, nor 
keep from falling asleep under particular states of exhaus- 
tion, we have a certain power over the predisposing circum- 
stances, and can thus help to bring on or ward off sleep^ 
Nay more, we can induce a habit of going to sleep at any 
29* 
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time, or of awaking at any time. Seamen and soldiers on 
duty soon learn this habit. They fall asleep almost im- 
mediately their "spell" comes. Napoleon could take 
" forty winks " at almost any hour of the day. Captain 
Barclay, during the performance of his famous feat of walk- 
ing 1000 miles in 1000 hours, learned to fall asleep the in- 
stant he lay down; We all awake at the usual hour every 
morning, no matter what time we go to bed ; and every 
one knows that, going to bed with a strong desire to wake 
at a certain unusual hour in the morning, we are tolerably 
certain to awake at that hour, or even before it. 

Heat is one of the predisposing causes of sleep. " We 
oflen witness this in the summer season, sometimes in the 
open air, but more frequently at home, and above all in a 
crowded church. An intolerable lassitude falls over the 
spirit ; we are unable to walk, or move, or think ; our eyes 
become heavy and languid ; we are seized with yawning, 
and, resting upon the first suitable object which presents 
itself, drop into a profound slumber. This is perhaps the 
most rapid of all sleep, excepting that from apoplexy or nar- 
cotics. The mind seems in a few minutes to glide away, 
and sinks into a state of overpowering and almost instanta- 
neous oblivion. The slumber, however, not being a natural 
one, and not occurring at the usual period, is seldom long : 
it rarely exceeds an hour, and when the person awakes from 
it, so far from being refreshed, he is usually dull, thirsty, 
and feverish, and finds more than common difficulty in get- 
ting his mental powers into their usual activity. A heated 
church and a dull sermon are almost sure to provoke sleep. 
There are few men whose powers are equal to the task of 
opposing the joint operation of two such potent influences. 
They act on the spirit like narcotics, and the person seems 
as if involved in a cloud of aconite or belladonna. The 
heat of the church might bo resisted, but the sermon is irre- 
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sistible. Its monotony falls in leaden accents upon the ear, 
and soon subdues the most powerful attention. Variety, 
whether of sight or of sound, prevents sleep, while monot- 
ony of all kinds is apt to induce it. The murmuring of a 
river, the sound of the Eolian harp, the echo of a distant 
cascade, the ticking of a dock, the hum of bees under a 
burning sun, and the pealing of a remote bell, all exercise 
the same influence. So conscious was Boerhaave of the 
power of monotony, that in order to procure sleep for a pa- 
tient, he directed water to be placed in such a situation as 
to drop continually on a brass pan. When there is no ex- 
citement, sleep is sure to follow. We are all kept awake 
by some mental or bodily stimulus, and when that is re- 
moved our wakefulness is at an end. Want of stimulus, 
especially in a heated atmosphere, produces powerful effects*; 
but where suflicient stimulus exists, we overcome the effects 
of the heat, and keep awake in spite of it." * 

Cold prevents sleep, unless it be of sufficient intensity 
to produce internal congestion of the blood, in which 
case, as all readers of arctic travels well know, cold pro- 
duces a stupor which is fatal. Heavy meals predispose to 
sleep, especially when the digestion is feeble. 

Whatever tends to quiet the brain, tends to produce 
sleep; whatever tends to keep the brain in excitement, 
tends to prevent sleep ; and that is why maniacs often re- 
main sleepless for weeks. 

II. Duration of Sleep. — ^There are great varieties 
among individuals, both in the lightness of the slumber, and 
the extent of its duration. There are heavy sleepers and 
light sleepers ; there are those who require several hours, 
and those who require but few. It is unnecessary here to 
repeat the statements which uncritical writers have accepted 

* ICaovibh : PhUo9ophy qfSReep, p. 15 
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respecting extraordinary achievements both as to extreme 
length and extreme shortness of sleep ; but there is no 
doubt that many persons have been satisfied with five hours 
in the twenty-four, which is the amount attributed to John 
Hunter and Frederick the Great ; while on paticular emer- 
gencies a much shorter sleep seems to have sufficed. It is 
difficult to assign the degree of credit due to such statements 
as those of Pichegru, that during a year's campaign he had 
not slept more than one hour in every twenty-four. People 
make great mistakes respecting their own experience in 
such matters, and very seriously declare they have not slept 
many minutes, when we know them to have slept a couple 
of hours. It must, however, be admitted that even " forty 
winks " is an extraordinary refreshment, so much so as to 
render Pichegru's statement not wholly incredible. I have 
on several occasions, during nights of hard study, fallen 
asleep over a book, remained thus for some five minutes, 
and have awaked to find myself so reinvigorated that drowsi- 
ness did not recur during the next two or three hours ; and 
every student, or watcher by the bedside of sickness, can 
doubtless recall similar cases. The following is the most 
remarkable example of this in my own experience. I had 
spent an exciting and fatiguing day in company with sev- 
eral distinguished artists and men of letters, rehearsing for 
private theatricals, and filling up the intervals with merri- 
ment, discussion, and excitement of various kinds. At one 
o'clock in the morning, after having performed in three 
pieces, I sat down with the rest to supper, which was not 
the least exciting part of the day. In the midst of the noise, 
the quips and cranks, the laughter and the jingling of glasses, 
I suddenly fell asleep. How many seconds this sleep lasted 
I cannot say ; but they could have been but very few, since 
no one at the table, or on either side of me, was aware of 
the fact. It was a fiash of unconsciousness. Suddenly I 
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awoke, and felt as ready for fresh excitement as ever ; nor 
did any sense of fatigue make me shorten our pleasant sit- 
ting. If sleep be caused, as seems most probable, by a 
temporary congestion, the foregoing case may be understood 
as a momentary congestion ; the re-established circulation 
brought back with it mental activity. 

Children sleep much. In old age sleep is generally 
slight and brief; but in extreme old age there is a sort of 
return to the sleepiness of infancy. It is well to bear these 
facts in view, although we are at present quite unable to ex- 
plain them. Writers who find phrases as satisfactory as 
they are facile, and who care little about clearly understand- 
ing the processes they describe, will tell you that in infancy 
sleep is enormous- in amount, because in infancy the pro- 
cesses of growth are so enormous, and it is during sleep 
that Nutrition goes on. They will further tell you that in 
extreme old age likewise sleep is excessive, because then the 
Nutritive processes are slower and feebler, and require this 
long repose for their accomplishment. But every inquirer 
who is really anxious to have some distinct understanding 
of the process, will feel, I think, very considerable difficulty 
in realising to his mind any such conception. There is, I 
am aware, a general belief, which is almost accepted as an 
axiom, that Nutrition takes place mainly, if not solely, 
during sleep, and that the purpose of sleep is to permit the 
waste of tissue to be repaired. But without venturing to 
speak decisively on a subject so very obscure as the process 
of Nutrition, I feel impelled to say that this general belief 
seems to be wholly unwarranted by any facts hitherto ascer- 
tained. On the contrary, as far as present knowledge 
enables us to pronounce, the truth seems to be that Nutri- 
tion goes on incessantly, in conjunction with destruction of 
tissue ; and that during sleep a very considerable waste of 
tiiBflae takes place. Only a false analogy could suggest that 
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sleep was the period for the building up of the &bric, whidi 
had been worn out in waking activity. Physiology knows 
of no such definite periods for destruction and reconstruc- 
tion. 

Assimilation (or Nutrition) is a molecular process. 
Molecule by molecule the tissue is destroyed, and molecule 
by molecule it is repaired. These processes depend on 
chemical afiinities, the one bringing about conditions whidi 
favour the other. No one really imagines the organism to 
be like a machine, which wears out in action, and is repaired 
when at rest. No one imagines that the tissues are only 
worn out during the hours of waking activity, and not at all 
worn out during the hours of sleep. Many say this, but do 
not picture it to their own minds. They do not imagine, 
for example, that the Duke of Wellington repaired in two 
or four hours of sleep the waste of twenty-two or twenty 
hours of anxiety and activity ; and was the next day ready 
for the same amount of exertion and the same waste. 
Nor do they picture to themselves the condition of those 
who have remained sleepless for weeks, and even months — 
a condition which, as it must have been produced by all 
waste and no repair, would have made the tissues present 
very much the aspect of a moth-eaten coat. Above all, they 
do not consider the contradiction which exists between this 
position of theirs respecting Nutrition during sleep, and 
their other position that sleep is caused by a slight conges- 
tion of the brain, or by the slower and feebler circulation : 
since they are fully aware that congestion, or feeble circula- 
tion, is the very worst condition for active nutrition ; and 
they must eiCher give up the idea of sleep being the period 
of most active nutrition, or else give up the idea of sleep 
being caused by congestion, or feeble circulation. 

What we know leads us to affirm that Assimilation is a 
continuous process ; new material is incessantly being form- 
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ed ; old material is incessantly, but with varying intensity, 
being destroyed. The waste and repair of the scarf-skin 
may furnish an example. Incessantly new cells are in pro- 
cess of formation and development, which take the place of 
the outermost layer of cells as these fall off, dead. Should 
there be a greater waste than the repairing process can im- 
mediately supply, the skin is rubbed bare ; and if the bare 
spot be rubbed, it becomes a sore ; but if left undisturbed, 
it soon becomes covered with a fresh layer of protecting 
cells. It is thus with all the tissues : they grow, particle by 
particle ; they act ; they die particle by particle, and are 
replaced. The growth is not more rapid during sleep than 
during any other period; rather less, if anything. And 
that the destruction is not arrested during sleep, is positive- 
ly proved by many strikhig facts — for example, by the 
amount of carbonic acid and excretory matters, and by the 
very obvious loss of substance in all the tissues which Val- 
entin has shown to occur in the winter sleep of the hyber- 
nating animals. If, therefore, it can be shown that Assimi> 
lation goes on during all periods, and that waste of tissue 
goes on during all periods, the idea of sleep being a period 
specially allotted for the repair of the tissues must be 
given up. 

And yet the fact remains that sleep %b " tired Nature's 
sweet restorer." The fatigues of the day are vanquished 
during this repose. We awake reinvigorated. What has 
been the change? Milller speaks with caution on this 
point. "The excitement of the organic processes in the 
brain," he says, " which attends an active state of mind, 
gradually renders that organ incapable of maintaining the 
mental action, and thus induces sleep, which is to the brain 
what bodily fatigue is to the other parts of the nervous sys- 
tern. The cessation or remission of mental activity during 
sleep, in its turn, however, affords an opportunity for the 
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restoration of integrity to the organic conditions of the cere- 
brum, by which they regain their excitability." But what 
are these organic conditions, and how is their integrity re- 
stored? Light seems to fall upon this question from the 
fact already recorded — ^namely, that the nerve of a frog's 
leg, separated from the body, becomes exhausted by stimu- 
lus, and will no longer cause the muscle to contract. If this 
nerve be allowed repose, it will gradually regain its lost 
power, and on the application of a stimulus it will cause a 
contraction. According to the vague conceptions of Nutri- 
tion which prevail, this looks as if the functions of a nerve 
could be restored without any influence of Nutrition ; and 
it has been cited to prove that position, even by so eminent 
a physiologist as Virchow.* But I would suggest that Nutri- 
tion, being essentially the process of molecular Assimilation, 
will continue as long as there is any material to be assimi- 
lated ; the circulation may be necessary for the conveyance 
of material to the tissues ; but the material once conveyed, 
is under the laws of Assimilation. The case of the over- 
stimulated nerve is probably not unlike that of an over- 
stretched piece of elastic substance. If India-rubber be in a 
state of continued tension, its elasticity is destroyed ; but 
alternate relaxations preserve its elasticity. Is not this the 
analogue of those alternate tensions and relaxations which 
the nerves and muscles of the heart, lungs, and alimentary 
canal exhibit ; and the reason why these, although always in 
activity, are never fatigued 1 The action is not greater than 
the repose. The heart and chest expand, but they also con- 
tract : the muscles are as long in repose as they are in ac- 
tion. If our senses and voluntary muscles require longer 
intervals of repose, it is because their tension is longer ; but 
even with them there is a kind of alternation ; and we all 
know the unusual amount of fatigue which is produced by 

* ViRcnow : Die CeUularpathologie, p. 263. 
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a very slight tension of the muscles, provided that tension 
be continuous. To hold the arm out straight for five 
minutes will produce more fatigue than to employ that arm 
in various movements for two hours. The same principal 
may be seen in intellectual or emotional excitement. Every 
student knows that diversity of work is a sort of relaxa- 
tion, and that nothing is so exhausting as concentration of 
thought. 

The conclusion to which the foregoing arguments point 
is, that Sleep, strictly considered, is a condition of repose of 
the brain and senses, produced by a slight congestion in 
their blood-vessels; and during this repose they recover 
that molecular integrity, or that molecular polarity, on 
which their vigorous action depends, and which has been 
disturbed during prolonged activity. 

Sleep is caused by fatigue, but not because fatigue has 
wasted a large amount of tissue which needs repose for its 
restoration. It is caused by fatigue, because one of the 
natural consequences of continued action is a slight conges- 
tion ; and it is the congestion which produces sleep. Of this 
there are many proofs. The causes which tend to produce 
sleep at unaccustomed hours, and before fatigue is felt, are 
all causes which lower the action of the heart, or which tend 
to a retardation of the circulation in the brain ; the causes 
which tend to wakefulness are all causes which accelerate 
this circulation, or which diminish the pressure of the blood 
on the brain. If fatigue were in itself the cause of sleep, wo 
could not be awakened until repose had restored the integri- 
ty of the nervous system ; whereas it is notorious that just 
AS we are dropping off, or only a short time after we have 
been asleep, an alarm of fire or thieves, a dash of cold water, 
a sudden pain, or even a strong light, will at once arouse us 
into energetic activity. This is a consequence of the re- 
lieved congestion and accelerated circulation — not a conso* 
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quence of the few minutes' repose. The fatigue remains ; it 
is the congestion which disappears. On the other hand, 
while fatigue causes sleep, by causing congestion, fatigue, if 
carried beyond a certain point, prevents sleep, by causing a 
feverish exaltation of the circulation. Every student and 
every sorrower knows what it is to be rendered sleepless by 
over-excitement of the brain. Let a man, wearied with 
bodily and mental labour, unable to keep from drowsiness, 
suddenly hear thrilling news, or alight on an illuminating 
track of thought, and the drowsiness will vanish as by en- 
chantment — the wearied brain will have energy for hours of 
activity. 

We conclude, therefore, that it is not as fatigue, but as 
producing congestion, that fatigue causes sleep ; and the. 
hybernating animal, which in full activity caa be thrown into 
a state of sleep merely by a sudden fall in external tempera- 
ture, and will continue thus until warmth accelerates its cir- 
culation, presents us with a striking illustration of such a 
conclusion. We conclude, moreover, that sleep is not pro- 
duced by the necessity of repairing the waste of tissue, since 
that repair goes on irrespective of sleep. Finally, we con- 
clude that sleep is not dependent on any need of repose, 
since it is exhibited in greatest intensity by those who least 
need repose, having least actively exerted themselves. It is 
not persons of active and excitable temperaments who are 
the greatest sleepers ; it is infants, very old people, people 
of sluggish, indolent, lymphatic temperaments. And men, 
no less than animals, fall asleep when perfectly quiet, per- 
fectly free from external or mental stimulus to excitement. 

III. Dreams. — It was my intention to have treated the 
subject of Dreaming in some detail, but the length to which 
the chapters on the nervous system have extended, forces 
me to be very brief, and to abstain altogether from illus- 
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trating the subject -with the numerous stories whieh might 
have given it interest. It naturally encroaches on Psycholo- 
gy at almost every point; but the explanations hitherto 
offered, at least those which I have seen, have the initial de- 
fect of not being based on a proper understanding of the 
physiological process. Only a true philosophy of nervous 
action can give ns the clue to the mystery of Dreaming. 
For the sake of brevity, I shall venture to assume that the 
exposition of nervous action given in the foregoing pages is 
the true one, and endeavour by its aid to explain Dreaming. 

Dreams are mental processes carried on during sleep, 
and are closely allied to the Reveries carried on during 
waking hours. In sleep the external senses are almost en- 
tirely closed against their ordinary stimuli, and the active 
organs are in repose. The consequence is that all, or nearly 
all, those multifarious sensations which, through the Five 
Senses and the Muscles, stimulate the activity of the Brain 
during the waking hours, have no longer any influence in 
swelling the stream of Consciousness, or in determining the 
direction of the thoughts. We do not see objects, smell 
odours, hear sounds, or taste flavours ; even the sense of 
Touch has no distinctness, such as would create the percep- 
tion of objects, but is confined to a general feeling of contact 
with the bed-clothes. Now, whoever for a moment reflects 
on the immense influx of sensation which is incessantly 
stimulating the brain through the senses, during waking 
hours, and reflects on their influence in determining the 
direction of the thoughts and in furnishing the mind with 
materials, will see at once that the removal of such a source 
of excitation must very considerably alter the mental condi- 
tions. Instead, therefore, of marvelling that dreams should 
be incongruous with waking thoughts, our marvel must be 
to find so much^congruity as we often find between them. 

To understand Dretiming, we must try and discover 
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what tho action of the brain would be under such conditions 
as are present in sleep ; and we can only do so by analc^es 
drawn from our waking experience, coupled with a correct 
interpretation of nervous action in general. For example, 
in our waking condition, we are familiar with what has been 
styled subjective sensations ; that is to say, we see objects 
very vividly, where no such objects exist ; we hear sounds 
of many kinds, where none of their external causes exist ; 
we taste flavours in an empty mouth; we smell odours, 
where no volatile substance is present ; and we feel prick- 
ings or pains in limbs which have been amputated. These 
are actual, not imaginary, sensations. They are indis- 
tinguishable from the sensations caused by actual contact of 
the objects with our organs. They are sometimes so in- 
tense, or accompanied by a cerebral excitement which so 
completely domineers over the controlling suggestions of 
other senses, that they produce Hallucinations. And as it 
is the inevitable tendency of our nature to connect every 
sensation with an external cause — to project it outside of us, 
so to speak, — we should never think of doubting that every 
one of these subjective sensations had a corresponding ob- 
ject, did not the suggestions of some other sense control this 
idea. A man feels prickings in his amputated fingers, but 
he sees that the fingers are not there, and, consequently, he 
knows that his sensation is deceptive. He smells the horri- 
ble stench of a sew^er long afler he has passed out of the 
reach of its volatile gases. He tastes the bitter flavour long 
afler the hitter substance has been removed. But the sensa* 
tions require constant confrontation with the reports of 
other senses, otherwise they would be credited as sensations 
produced by actual objects. In the state of cerebral excite- 
ment named Hallucination, this confrontation \s disregarded ; 
in the state of cerebral isolation named Dreaming, this con- 
frontation is impossible : the first condition is one in which 
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the cerebral activity completely domineers over the excita- 
tions from without ; the second condition is one in which 
the cerebral activity, though feeble, is entirely isolated from 
external excitations — thus, in both cases, the cerebral re- 
flexes are undisturbed, uncontrolled by reflexes from Sense. 
It is the fact that sensations may be subjective — in other 
words, that they may arise from internal stimuli no less 
than from external stimuli, and must arise whenever the 
centres are excited : it is this feet which gives us the clue to 
Dreaming. The avenues of Sense are closed in Sleep, but 
the sensational centres may be reached from within. That 
Law of Sensibility, which has been so fully expounded in 
previous pages, whereby every sensation dischai^es itself 
either in a reflex-action or a reflex-feeling (or in both to- 
gether), and whereby every centre, once stimulated, must 
inevitably stimulate some other, gives us the explanation 
why subjective sensations may arise in sleep, or waking, 
and why they must stimulate cerebral action. Moreover, 
the external senses have not their avenues completely closed 
in sleep ; and a sound will be heard by a sleeper, though 
dimly ; a light will be seen, or a touch felt. These dim 
sensations are reflected in his dreams. The coldness of a 
touch will cause him perhaps to dream that he has grasped a 
corpse ; the rattling of the windows will suggest a storm, 
or a battle. There is a story told of a lady who dreamt 
that her servant was coming to murder her ; she opened 
her eyes in terror, and saw the servant at her bedside, knife 
in hand ! The explanation of this is, probably, that she 
heard in sleep the creaking of the footsteps on the stairs, or 
the opening of the door ; and this sensation, which might 
have suggested any one of a thousand different trains of 
thought, happened to suggest (perhaps because the idea was 
not imfamiliar to her mind) the idea of the servant's intention 
to murder her. All our experience, both of our own dreams 
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and those of others, ratifies the position, that the train of 
thought may be, and must be, determined by any sensation 
felt during sleep ; but inasmuch as this sensation cannot be 
confronted with the actual cause, inasmuch as the other 
sources of verification are closed, which in waking hours 
enable us to connect any particular sensation with a par- 
ticular cause, the perceptions and ideas it will give rise to 
are usually inaccurate and incoherent. If, when awake, we 
perceive an odour of something burning, we at once look 
about to discover the cause. If, when asleep, we perceive 
this odour, we cannot thus confront the sensation with its 
external cause ; but the sensation suggests a train of thought, 
and we dream that the house is on fire, or that we are at 
work in a manufactory. If, when awake, we feel a cold 
draught of air blowing upon us, we look at the door or 
window to see whence it comes ; but asleep, the sensation 
of cold will suggest a dream that we are in the street in our 
night-shirt, or riding outside a coach ; the sensation starts a 
train of ideas — ^and that is a dream. 

If we reflect that the nervous centres must be incessantly 
called into activity, either through, the imperfectly-closed 
channels of the Five Senses, or through the Systematic 
Senses, and that these centres, once excited, must neces- 
sarily play on each other — ^and if we reflect farther, that the 
sensational and ideational activities thus stimulated operate 
under very different conditions, and in very different con- 
junctions, during sleep, we shall be at no loss to understand 
both the incoherence of dreams — the perfect congruity of 
certain trains of thought amid the most absurd incongruities. 
The coherence of dreams results from the succession of 
associated ideas ; the train of thought follows very much 
the course it would follow in waking moments, at least 
when uncontrolled by reference to external things— as in 
Reverie. The incoherence results from this train being 
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interrupted or diverted from its course by the suggestion 
of some other train, either arising by the laws of association, 
or from the stimulus of some new sensation. And because 
in Dreams, as in Reverie, we do not pause on certain sug- 
gestions, do not recur to them, and reflect on them, but let 
one rapidly succeed another, like shadows chasing each 
other over a cornfield, we take little or no heed of any in- 
congruities. It is constantly said that in dreams nothing 
surprises us. I think this is a mistake. Nothing arrests 
us ; but every incongruity surprises us, at least as much in 
dreams as in reveries. I am distinctly conscious of this in 
my own experience. If when I dream I am in a certain 
place, conversing with a certain person, I am also aware 
that the place suddenly becomes another place, and the per- 
son has a very diflerent appearance, a slight surprise is felt 
as the difference is noted, but my dream is not arrested ; I 
accept the new facts, and go on quite content with them, 
just as in reverie the mind passes instantaneously from 
London to India, and the persons vanish to give place to 
very different persons, without once interrupting the im- 
aginary story. In dreams no perception is confronted with 
actual objects ; no ideas are confronted with present exis- 
tences. The waves of sensation and oi thought succeed each 
other, and are interrupted, broken, diverted by the fresh 
streams of sensation constantly pouring in from the chang- 
ing states of the system. This interruption is to some ex- 
tent controlled in waking moments by the presence of ob- 
jects both to the senses and the mind ; yet even the presence 
of objects, and the energetic resolution which a strong mo- 
tive will give, will not prevent the most steadfast mind 
from continually wandering, although the mind may be 
recalled from its wanderings to the subject originally 
occupying it. If I sit in my study, and my thoughts 
wander to Bagdad or Bussora, the continual presence of 
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my books, chairs, microscope, engravings, &c., in&llibly 
bring me back again before long, and prevent my believing 
myself to be in the East. If when I am working out some 
plan, or thinking of some problem, the thoughts wander 
away lured by some accidental association, they are soon 
recalled again by the suggestions of the paper, portfolio, 
desk, or even by the very attitude in which I am sitting, 
and I recommence. But, asleep, this recall would never 
take place. The objects are not there to suggest the re- 
quisite thoughts. The sensations I receive are carried along 
with my dream, each succeeding sensation or idea having a 
diverging influence ; and thus a dream is never long, never 
very coherent. If the reader wishes to understand this 
operation of the mind, let him attend to the fluctuating 
stream of thought which passes through his brain as he lies 
awake in bed, with his eyes closed, and in perfect stillness ; 
he will soon be aware of the influence which must be exer- 
cised by the presence of external objects in determining the 
direction of his thoughts. 

That our dreams are greatly influenced by the Systemic 
Sensations, will be evident to every one who reflects on the 
notorious eflfects of indigestion. The state of the secretions 
also manifestly determines many dreams. The wretched 
sufferers in the shipwreck of the Medusa, dying from thirst, 
had perpetual dreams of shady woods and running streams. 
The nursing mother is made to dream of her child by the 
flow of milk to her breasts. 

If, therefore, it is certain that Systemic Sensations pro- 
duce dreams, and certain also that, in spite of the inactivity 
of the Five Senses, they can, one and all, furnish their 
accustomed sensations, if excited by external objects, and 
also if their centres are excited by internal stimuli ; and if, 
farther, it is admitted that sensations determine trains of 
thought, we shall find little difficulty in assenting to the 
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proposition, which many psychologists deny, that even in 
the deepest slumber dreams occur. The physiological rea- 
sons for supposing that the brain is active during sleep, 
though not perhaps so active, nor having all its various 
parts in such perfect co-ordination, as during waking hours, 
seem to me very strong, although the point scarcely admits 
of proof. Whereas the only strong argument against it is 
that we have seldom any consciousness of having dreamed, 
some persons, indeed, declaring that they never dream. 
This argument is, however, weakened by the fact that som- 
nambulists, who not only dream, but act their dreams, and 
often in a very surprising manner, never remember these 
dreams when awake. It thus appears that our forgetfulness 
of dreams is no proof of dreamless sleep ; and Sir William 
Hamilton declares that, having experimented on his own 
person, and caused himself to be roused at different hours 
of the night, he was always able to observe that he was in 
the middle of a dream. " The recollection of this dream 
was not always equally vivid. On some occasions I was 
able to trace it back until the train was gradually lost at a 
remote distance ; on others, I was hardly aware of more 
than one or two of the latter links of the chain ; and some- 
times was scarcely certain of more than the fact that I was 
not awakened from an unconscious state." * 

In describing Sleep we had occasion to notice the partial 
though oscillating congestion which characterises it. In 
proportion as this congestion is extensive will the sleep be 
profound, and the dreams necessarily imperfect and frag- 
mentary ; for the effect of congestion will be to prevent 
certain parts of the nervous mechanism from being stim- 
ulated by the others ; and thus, instead of consecutive trains 
of thought, there will only be irregular and imperfect trains 
called up by the various sensations. 

* HAMiLTOir : Lectures on Metaphyaica^ i. 823. 
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THE QUALITIES WE INHERIT FROM OUR PARENTS. 



The contradictory Btateroenta current— Mr. Bookle'B rejection of the Law of In- 
heritance examined— The general characteristics which are inherited— Dif- 
ferences in families— Peculiarities inherited— Are the effects of accident 
transmitted ?— Habits and tricks inherited— Influence of the second i»arent 
-Vices, Diseases, Idiosyncrasies inherited— Longevity inherited — Predia- 
X)08ition to Insanity- The respective influences of father and mother— Re- 
futation of the notion that the father gives the animal organs, and the 
mother the vegetal organs— Curious examples— Children of great men— Ne- 
cessary fusion of the parental influences— Perturbing causes : Atavism : 
Potency of the individual ; Age ; Sex— Summary of the evidenoe— Is mar- 
riage justifiable where the hereditary "taint" exists. 



" That boy is the very image of his mother ! " is the ex- 
clamation frequently heard ; and not less frequently, " That 
boy is remarkably unlike his parents ! " We also hear it 
said, " He has his father's talent, or his mother's sharp- 
ness ; " and conversely, " He has none of the family talent." 
That the sons of remarkable men are generally dunces, and 
that men of genius have remarkable mothers, are two very 
questionable statements which have become proverbial. 

Such contradictory statements seem to indicate that 
qualities are, and are not, inherited from parents ; that in- 
heritance is very much a matter of chance, and that what 
we usually suppose to be evidence of hereditary transmis- 
sion, is really nothing more than coincidence. This seems to 
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be the view taken by Mr. Buckle ; in his remarkable work 
there is the following passage, which must excite the phys- 
iologist's astonishment : " We often hear of hereditary 
talents, hereditary vices, and hereditary virtues ; but who- 
ever will critically examine the evidence, will find that we 
have no proof of their existence. The way in which they 
are commonly proved is in the highest degree illogical, the 
usual course being for writers to collect instances of some 
mental peculiarity found in a parent and in his child, and 
then to infer that the peculiarity was bequeathed. By this 
mode of reasoning we might demonstrate any proposition, 
since in all large fields of inquiry there are a sufficient num- 
ber of empirical coincidences to make a plausible case in 
fevour of whatever view a man chooses to advocate." * 

It must be admitted that many of the cases collected 
to prove hereditary transmission have been allowed to pass 
unchallenged by criticism, and many of them are worthless 
as evidence ; but is Mr. Buckle prepared to deny that the 
tendencies and peculiarities of men depend on their organ- 
isations ? If he is not prepared to deny this, his scepticism 
is illogical, since there can be no shadow of doubt that or- 
ganisations are inherited. He will not say that it is a mere 
coincidence which preserves intact the various " breeds " of 
animals : which makes the bull-dog resemble the bull-dog, 
and the bull-terrier resemble the bull-dog and the terrier ; 
which make the Jews all over the world resemble Jews, 
because they keep their race free from admixture, by never 
marrying into other races; which gives us short-homed 
cattle, and fan-tailed pigeons ; and which makes the pedigree 
of a horse, or dog, a value estimable in hard cash. Unless 
parents transmitted to offspring their organisations, their 
peculiarities and excellencies, there would be no such thing 
as a breed, or a race. The cur would run the same chance 

* BucKLS : CivUixaiion in England^ i. 61. 
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as the best-bred dog of tumiDg out valuable. The grey- 
hound might point, and the cart-horse win the Derby. 
Daily experience tells us that this is impossible. Science 
tells us that there is no such thing as chance. Physiology 
tells us that the offspring always, and necessarily, inherits 
its organisation from the parents ; and if the organisation 
is inherited, then with it must be inherited its tendencies 
and aptitudes. Mr. Buckle seems to have been misled by 
that which conceals the fact of transmission from ordinary 
apprehension, namely, the very great number of instances 
in which the offspring does not closely resemble either 
parent ; or rather, in which the resemblance is not discern- 
ible by us. If the law of transmission is not a figment, 
these seeming contradictions are susceptible of explanation ; 
and in the course of the brief survey which will here be 
given, I hope to be able to convince the reader that an ex- 
planation is possible.* 

We must first note the indubitable fact that the organ- 
isation of the offspring always and necessarily resembles 
that of the parents in its general characters. So uniform 
is our experience of this constancy, that nothing would be 
more incredible than that negro parents should give birth 
to a child, with the straight hair, aquiline nose, small heels, 
&€., of an European ; or that two sheep should produce a 
goat. But while there is this constancy in the transmission 
of general characters, there is considerable variation in 
the transmission of individual peculiarities. One of the 
negro parents may be tall, robust, joyous, stupid; the 
other short, feeble, querulous, clever : now as the child 

* The materials for this chapter are drawn from the extensive but ancrUical 
work of Prosper Lucas : Traiti de Phirdditi naturell&, 1847-1850 ; the lectnreB 
On the Physiology of Breeding^ by Mr. Orton, 1855 ; the Traitdde la Giniration^ 
by GiRou DE Bazareinoues, 1828 ; the work by M. Moreau : La Paychningie 
Morbide, 1859 ; and an article, by the present writer, on Hereditary Influence, in 
the July number of the Weatmtnater Review^ 1866. 
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cannot be at once short and tall, clever and stupid, feeble 
and robust, in inheriting its parents' organisations it may 
either resemble one of the parents more than the other, or 
may apparently resemble neither, by being a mingling of 
the two. It is this fact of double parentage, and double 
inheritance, with an inequality in the amount of influence 
exercised by each parent, which complicates the question, 
and produces the seeming contradictions to the law of trans- 
mission. Let two Jews produce offspring, and inasmuch as 
both parents have the Jewish physiognomy, the offspring 
will be unmistakably Jewish ; but let a Jew and a Saxon 
produce offspring, and the mingling of these two different 
organisations will be as visible in the offspring as it is in a 
Mulatto, or in any other cross breed. 

People oflen express surprise at observing the strange dif- 
ferences in aspect and disposition between brothers bred up 
together in the same nursery, and under similar influences. 
From Cain and Abel, to the brothers Buonaparte, the diver- 
sity in families has been a standing marvel. Nay, such di- 
versities are observed not only between brothers, but be- 
tween twins ; and it was noticed in the striking case of the 
celebrated Rita and Christina, twins who were so fused 
together that they had only one body and one pair of legs 
between them, with two heads and four arms, yet they 
manifested very different dispositions and tempers.* The 
same was observed of the Presburg twins, the Siamese 
twins ; and of the African twins, recently exhibited in Lon- 
don. The cause of these diversities is the inequality with 
which the parental organisations were inherited ; both pa- 
rents contributed their elements, but these elements were 
differently compounded. 

It is to this inequality in the influence of a particular 

* Gkofprot St. IIilairk : Philosophic Anatomique^ ii. ; and Skbbks : Re- 
cherchea eTAruitotnie tranacendante. 
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parent that we must attribute the fact that, while certain 
peculiarities, trifling and even whimsical, are sometimes 
seen to be transmitted, they are not uniformly transmitted. 
I am disposed to receive with great scepticism many of the 
cases which have been advanced, without in the least swerv- 
ing from my position that even trifling peculiarities are in- 
herited. Plutarch speaks of a family in Thebes, every 
member of which was born with the mark of a spear-head 
on his body : Plutarch is not a good authority for such a 
fact ; yet we need not summarily reject it. An Italian fam- 
ily had the same sort of mark, and hence bore the name of 
Lansada. Haller cites the case of the Bentivoglio family, 
in whom a slight external tumour was transmitted from 
father to son, which always swelled when the atmosphere 
was moist. Again, the Roman &milies Nasonea and Buc- 
cones indicate analogous peculiarities; to which may be 
added the well-known " Austrian lip " and " Bourbon nose." 
All the Barons de Vessins were said to have a peculiar 
mark between their shoulders ; and by means of such a 
mark, La Tour Landry disovered the posthumous legitimate 
son of the Baron de Vessins in a London shoemaker's ap- 
prentice. If these cases be received with an incredulous 
smile, we must remember the series of indisputable facts 
noticed in the breeding of animals. Every breeder knows 
that the colours of the parents are inherited ; that the spots 
are repeated, such as the patch over the bull-terrier's eye, 
and the white legs of a horse or cow ; and Chambon * lays 
it down as a principle derived from experience, that by 
choosing the parents you can produce any spots you please. 
Girou noticed that his Swiss cow, white, spotted with red 
gave five calves, four of which repeated exactly the spots of 
their mother ; the fifth, a cow-calf, resembling the bull. Do 
we not all know how successful our cattle-breeders have 

* TraiU de P Education des Moutons^ 1. 110. 
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been in directing the &t to those parts of the organism 
where gourmandise desires it 1 and have not sheep become 
moving cylinders of fat and wool, merely because fet and 
wool were needed ? 

More questionable are the facts of accidents becoming 
hereditary. A superb stallion, son of Le Glorieux, who 
came from the Pompadour stables, became blind from 
disease : all his children became blind before they were three 
years old. Burdach cites the case of a woman who nearly 
died from haemorrhage after blood-letting; her daughter 
was so sensitive that a violent hsemorrhage would follow 
even a trifling scratch ; she, in turn, transmitted this peculi- 
arity to her son. Horses marked during successive genera- 
tions with red-hot iron in the same place, are said to 
transmit the visible traces of such marks to their colts. A 
dog had her hinder parts paralysed for several days by a 
blow ; six of her seven pups were deformed or excessively 
weak in their hinder parts, and were drowned as useless.* 
Treviranus f cites Blumenbach's case of a man whose little 
finger was crushed and twisted, by an accident to his right 
hand : his sons inherited right hands with the little fiuger 
distorted. 

These latter cases, I confess, have an air of suspicion, 
which almost justifies Mr. Buckle's assertion that the evi- 
dence for hereditary transmission is founded, on mere em- 
pirical coincidences. It is not only physiologically unintel- 
ligible how the effect of an accident could be thus trans- 
mitted; but it is incredible that, were such transmission 
within the course of nature, men should have for centuries 
lost arms and legs without becoming the progenitors of 
armless and legless babies ; or how for generations the ter- 
rier's ears and tails should be cut short, yet terrier pups 
never came into the world ready cropped. The savages 

* GiBOD, p. 127. f Biologies iil. 452. 
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who tattoo their bodies, and bore holes through their noes, 
do not bring tattooed babies into the world. The truth of 
the matter seems to be this : The organisation of the parent 
is transmitted, and with that organisation all those charac- 
ters and tendencies which the organisation in activity would 
naturally manifest. A habit, or trick, which has been ac- 
quired, and so long established that it may be said to be 
organised in the individual — whose mechanism has grown to 
its performance — will stand the same chance of being inher- 
ited, as the bulk of bone and muscle, or the sensibility of 
the nervous system. An idiosyncrasy which results from 
some organic disposition — say, for example, the repugnance 
to animal food — may as easily be inherited as a good con- 
stitution, or a scrofulous tendency. Explain it as we may, 
there is no fact more certain than that a habit once firmly 
fixed, once " organised " in the individual, becomes almost 
as susceptible of transmission as any normal tendency. 
Pointer pups inherit the aptitude, t. e, the organisation, fit- 
ting them for easily learning to " point ; " and this aptitude 
is sometimes so strong that they will point before they have 
been taught. It is the same with dogs that have been 
taught to " beg." I had a pup, taken from its mother at 
six weeks old, and before, therefore, it could have learned to 
beg from her, which spontaneously took to begging for 
everything it wanted ; and one day I found it opposite a 
rabbit hutch, begging, apparently, the rabbits to come and 
play. Girou relates that he knew a man who had the habit 
of sleeping on his back, with his right leg crossed over his 
left. One of his daughter ^ showed the same peculiarity 
from her birth upwards, and constantly assumed the atti- 
tude in her cradle. Venette knew a woman who, without 
being lame, had a sort of limp in her right leg ; her daugh- 
ter had the same defect in her right leg. Every one's ex- 
perience will furnish examples of trifling peculiarities of 
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manner — too individual to be mistaken — ^which are mani- 
fested by children who have never seen the parents they 
imitate. Nor is there anything surprising in this. The 
habit or manner, the attitude or trick, results from some 
peculiarity in the bodily framework, congenital or acquired, 
and this peculiarity is transmitted in the framework. It 
would always be transmitted were there not the counter-influ- 
ence of a second parent, whose organisation is also inherited. 
This second parent has not the peculiarity, and the peculi- 
arity may therefore be counteracted by her influence. Two 
pointers will produce pups that easily learn to point, or 
even do so spontaneously ; but if a pointer be crossed with 
a setter, it is very likely that some of the pups will not 
point at all, although some may inherit the parental ten- 
dency. If a man with great musical aptitude marry a 
woman with none, it is probable that of two children one 
will inherit the musical aptitude, and the other be as insen- 
sible as the mother ; but it is also probable that both will 
inherit the aptitude, or that neither will. Whenever we 
observe rigorous constancy in the transmission of qualities 
— as in the breeds of animals — the secret is that both 
parents had more or less of these qualities. Whenever we 
observe inconstancy in the transmission, the secret is, that 
only one parent had the qualities ; and inasmuch as both 
parents transmit their organisations, the double influence 
determines the product. 

Instead, therefore, of feeling any surprise at a quality 
not being inherited when only one parent had that quality, 
we must anticipate such a result being very frequent ; and 
our attention should be rather fixed on the numerous cases 
in which the quality is transmitted in spite of the influence 
of the other parent. Two consumptive parents will inevi- 
tably bring forth consumptive, or scrofulous, children ; but 
one consumptive and one vigorous parent will bring forth 

30* 
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children, none of whom may be consumptive or scrofulous, 
or only some of them, or all of them. These variations 
throw no doubt on the law of inheritance, but are in strict 
conformity with it ; because no sooner are the disturbing 
influences removed than the law acts with unvarying unifor- 
mity. The evidence of direct transmission is ample, not 
only in the case of " breeds," but in the case of individual 
pexjuliarities. Thus Girou relates the case of a sporting-dog, 
taken young from its mother and father, who was singularly 
obstinate, and exhibited the greatest terror at every explo- 
sion of the gun, which always excites the ardour of the 
species. On the owner expressing his surprise to the gen- 
tleman fcom whom he received the dog, he was told that 
nothing was more likely, for the dog's father had the same 
peculiarity. How the vicious disposition of horses is trans- 
mitted, all breeders know. Again, we know that the vice 
of drunkenness is very apt to be inherited, and that the pas- 
sion for gambling is little less so. " A lady with whom I 
was very intimate," relates Da Gama Machado, " and who 
possessed great wealth, passed her nights in gaming : she 
died young, from pulmonary disease. Her eldest son was 
equally addicted to play, and he also died of consumption at 
the same age as his mother. His daughter inherited the 
same passion and the same disease." * Tendencies to par- 
ticular vices are inherited, and are exhibited in cases where 
the early death of the parents, or the removal of the chil- 
dren in infancy, prevents the idea of any imitation or effect 
of education being the cause. That the organisation of a 
thief is transmitted from father to son through generations, 
seems tolerably certain. Gall f has cited some striking ex- 
amples. And murder, like talent, seems occasionally to 
run in families. Parents with an unconquerable aversion to 

* Theorie des Ressemblances, p. 154, quoted by LccAS. 
t Fonctions du Cerveau^ i, 207. 
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aDimal food have transmitted that aversion ; and parents, 
with the horrible propensity for human flesh, have trans- 
mitted the propensity to children brought up away from 
them under all social restraints. Zimmermann cites the 
case of a whole family upon whom coffee acted as opium 
acts on others, while opium had no sensible effect whatever 
on them ; and Dr. Lucas knows a family upon whom the 
slightest dose of calomel produces violent nyvous trem- 
blings. Every physician knows how both predisposition 
to, and absolute protection against, certain specific diseases 
are transmitted. In many families the teeth and hair fall 
out before the ordinary time, no matter what hygiene be 
followed. Sir Henry Holland remarks, " The frequency of 
blindness as an hereditary affection is well known, whether 
occurring from cataract or other diseases of the parts con- 
cerned in vision. The most remarkable of the many exam- 
ples known to me, is that of a family where four out of five 
children, otherwise healthy, became totally blind from 
amaurosis about the age of twelve ; the vision having been 
gradually impaired up to this time. What adds to the sin- 
gularity of this case is the existence of some family monu- 
ment long prior in date, where a female ancestor is repre- 
sented with several children around her, the inscription 
recording that all the number were blind." * Unless we 
are to suppose all these cases simple coincidences, we must 
admit individual heritage ; but the doctrine of probabilities 
will not permit us to suppose them coincident. Let us take 
the idiosyncrasy of cannibalism, which may be safely said 
not to appear more than once in ten thousand human be- 
ings : if, therefore, we take one in ten thousand as the ratio, 
the chances against any man manifesting the propensity will 
be ten thousand to one, but the chances against his son also 

* Medical Notes and R^ectiona^ p. 23. Compare alBO a striking passage in 
Inxam's Foundation/or a New Theory of Medicine^ p. 5. 
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manifesting it will be — what some more learned calculator 
must declare. 

We can even produce a race having any peculiarities we 
will, provided we have parents possessing the germs of 
these qualities. M. Danney made experiments during ten 
years with rabbits, a hundred couples being selected by him 
with a view to the creation of peculiarities. By always 
choosing the |>arents, he succeeded in obtaining a number of 
malformations according to his preconceived plan. And 
such experiments have been repeated on dogs, pigeons, and 
poultry with like success. It is on this fact of individual 
heritage that longevity depends. There is no term of life 
for the " species," only a term for the individual — ^a feet 
which sets the speculations of Comaro, Hufeland, and Flou- 
rens at nought. There are limits which neither the " spe- 
cies " nor the individual can be said to pass : no man has 
been known to live two hundred years ; but the number of 
years which each individual will reach, without accident, is 
a term depending neither on the " species," nor on his own 
mode of life, but on the organisation inherited from his 
parents. Temperance, sobriety, and chastity, however de- 
sirable, both in themselves and in their effects, will not 
insure long life ; intemperance, hardship, and irregularity 
will not prevent a man living for a century and a half. 
The facts are there to prove both propositions. Longevity 
is an inheritance. Like talent, it may be cultivated ; like 
talent, it may be perverted ; but it exists independently of 
all cultivation, and no cultivation will create it. Some men 
have a talent for long life. 

M. Charles Lejoncourt published, in 1842, his Oalerie 
des Centenaires, in which may be read a curious list of ex- 
amples proving the hereditary nature of longevity. In one 
page we have a day-labourer dying at the age of 108 ; his 
father lived to 104, his grandfather to 108, and his daughter, 
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then living, had reached 80. In another we have a saddler 
whose grandfather died at 112, his father at 113, and he 
himself at 115. This man, aged 113, was asked by Louis 
XIV. what he had done to so prolong life ; his answer was 
— " Sire, since I was 50, 1 have acted upon two principles : 
I have shut my heart and opened my wine-cellar." M. Le- 
jonoourt also mentions a woman then living, aged 150, 
whose father died at 124, and whose uncle at 113. But the 
most surprising of the cases cited by Lucas is that of Jean 
Golembiewski, a Pole, who in 1846 was still living, aged 
102, having been eighty years as common soldier, in thirty- 
five campaigns under Napoleon, and having even survived 
the terrible Russian campaign, in spite of five wounds and a 
soldier's recklessness of life. His father died aged 121, and 
his grandfather 130. Indeed, the practice of every annuity 
and insurance office suffices to convince us of ordinary ex- 
perience having discovered that length of life is somehow 
dependent on hereditary influence. That the predisposition 
to insanity and nervous disease is inherited, every one 
knows. 

M. Moreau has cited the following examples from his 
notes: — At Bic^tre there is now a monomaniac, whose 
paternal grandmother died mad ; his father died mad ; his 
maternal aunt is epileptic ; his eldest brother had melan- 
choly madness, which teiTninated in suicide ; his sister is 
subject to attacks of hysterical epilepsy. Another inmate 
of the same asylum is subject to dangerous hallucinations ; 
his father, although not precisely insane, is eccentric almost 
to a degree of insanity ; his eldest brother is excessively 
irritable and violent, and becomes almost maniacal under 
the smallest excess of alcoholic stimulants ; four of his 
paternal imcles committed suicide. A third case is of an 
epileptic woman, who has given birth to eight children; 
three died early from convulsions; one of the remaining five 
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is hysterical, and another epileptic. This woman's sister 
died of grief y aged twenty-five. Her father died mad in 
an asylum. Her grand&ther was insane. Her mother died 
of consumption, and was slightly epileptic* 

If these cases stood alone, we should suspect something 
more than coincidence underlying them ; but every physi- 
cian knows that such cases are frequents No one expects 
that two hacks will produce a race-horse ; two mongrels a 
pure hound ; two scrofulous parents a strong healthy child ; 
two irascible, excitable parents, a gentle, placid child ; two 
semi-idiots a child of genius. Every one expects that the 
qualities of the parents will be inherited by the child, and 
when they are not inherited, we assume that there has been 
some disturbing influence. 

But now comes the difficult part of our inquiry. Which 
is the predominating influence, the male or the female ? If 
both parents join to form the child, does one parent give 
one group of organs, and another parent another group, or 
do both give all ? 

Speaking of mules, Vicq-d'-Azyr says, with proper cau- 
tion, " It seems as if the exterior and the extremities were 
modified by the father, and that the viscera emanate from the 
mother." The reserve with which the great anatomist ex- 
presses himself has not been imitated by his successors. 
Indeed, it is noticeable that men in general dislike uncertain- 
ties and qualified statements ; they prefer decisive opinions, 
distinct formulas. On this subject they have preferred the 
distinct formula, which has been also adopted by Mr. Orton, 
in his lectures, namely, " that the male gives the external 
configuration — or, in other words, the locomotive organs ; 
while the female gives the internal — or, in other words, the 
vital organs." This is the theory generally adopted ; but 
although it has the coimtenance of authority, an extensive 

* MoREAU : Lm Psychology Morbide, p. 139. 
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survey of the faets, and a more accurate study of embryolo- 
gy, seem to me wholly adverse to it. 

Linnseus said that the internal plant (that is to say, the 
organs of fructification) is in all hybrids like the female ; 
the external organs, on the contrary, resemble those of the 
male. This statement is diametrically opposed by de Can- 
dolle, who announces it as a law that the organs of vegeta- 
tion are given by the female, those of fructification by the 
male. When two doctors of such eminence differ on a 
point like this, we may reasonably suspect that both are 
right, and both are wrong ; and here our suspicion is sup- 
ported by the mass of facts adduced in the experiments of 
M. Sagaret, which refute the hypothesis of Linnaeus, and the 
hypothesis of de Candolle. What we have just indicated with 
regard to plants, has been the course pursued with regard 
to animals : one class of observations has seemed to prove 
that the &ther bestows the " animal system ; " another class 
of observations has seemed to prove that the mother be- 
stows it ; and a third class has proved both theories in- 
adequate. Quite recently General Daumas published the 
result of his long experience with Arab horses,* arguing 
that, according to the testimony of the Arabs, the stallion 
was the most valuable for purposes of breeding. Upon 
this, the Inspecteur des Haras, who had traversed Asia for 
the express purpose of collecting evidence on the subject, 
published his diametrically opposite conclusion, declaring 
that it was the mare whose influence preponderated in the 
foal. General Daumas replied, and cited a letter addressed 
to him by Abd-el-Kader, who may certainly be said to im- 
derstand Arab horses better than Europeans. The letter is 
worth reading for its own sake; we can, however, only 
quote its testimony on the particular point now under dis- 

* LeM Cheveaus de Sahara ; see also an article in the Revue dee Deux Mondet^ 
U«s 185S, on " Le Cberal de Onerre.'* 
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cussion. ''The experience of centuries has established," 
he says, " that the essential parts of the oiganisatioDy such as 
the bones, the tendons, the nerves, and the veins, are always 
derived from the stallion. The mare may give the colour, 
and some resemblance to her structure, but the principal 
qualities are due to the stallion." This is very weighty tes- 
timony, on which we will only for the present remark, that 
it merely asserts the preponderance of the male influence as 
respects the locomotive system ; it does not assert that ab- 
solute independence of any female influence maintained in 
the formula which we are now combating. Abd-el-Kader's 
statement is tantamount to that made by Mr. Orton, — ^^ I 
do not mean it to be inferred that either parent gives either 
set of organs uninfluenced by the other parent ; but merely 
that the leading characteristics and qualities of both sets of 
qualities are due to the male on the one side, and to the 
female on the other, the opposite parent modifying them 
only." 

This is a much more acceptable theory than the other, 
but it is only an approximation to the truth. Mr. Orton's 
first illustration is the hybrid of the horse and ass : " It is 
known that the produce of the male ass and the mare is a 
mule ; but I do not think it is equally well known that the 
produce of the stallion and the female ass is what has been 

denominated a hinny — yet such is the case The 

mule, the produce of the ass and mare, is essentially a modi- 
fied ass — the ears are those of an ass somewhat shortened — 
the mane is that of an ass — the tail is that of an ass — the 
skin and colour are those of an ass somewhat modified — the 
legs are slender, the hoofs high, narrow, and contracted, like 
those of an ass. The body and barrel are round and fuU, 
in which it difibrs from the ass and resembles the mare." 

This description is accurate, but — we put it interrogative- 
ly — is it always the description of a mule, and never that 
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also of a hinny 1 This latter, the produce of the stallion 
and the female ass, " is essentially a modified horse — the 
ears like those of a horse somewhat lengthened — the mane 
flowing — the tail bushy like that of a horse — the skin is 
fine like that of a horse — the legs are stronger, and the hoofs 
broad and expanded like those of a horse. The body and 
barrel are fiat and narrow, in which it differs from the horse, 
and resembles its mother the ass." From these facts Mr. 
Orton deduces the conclusion, that the offspring of a cross is 
not simply a mixture of the two parents, nor is it an animal 
that has accidentally a similitude to one or other of its 
pairents, inasmuch as we can produce at will either the hinny 
or the mule. The reader will presently see why such a con- 
clusion cannot be accepted ; and we may at once anticipate 
what will hereafter be more fully explained, by saying that 
the differences Mr. Orton signalises are easily interpreted 
by another theory. In point of fact, both mule and hinny 
are modified asses : in each the structure and disposition of 
the ass predominates ; and it does so in virtue of that great- 
er " potency of race " which belongs to the ass — a potency 
which is less effective on the hinny, because the superior 
vigour of the stallion modifies it, according to acscertained 
laws. 

" I would call your consideration," Mr. Orton continues, 
" to a very curious circumstance pertaining to the voice of 
the mule and the hinny ; to which my attention was called 
by Mr. Lort. The mule brays^ the hinny neighs. The 
why and wherefore of this is a perfect mystery, until wo 
come to apply the knowledge afforded us by the law I have 
given. The male gives the locomotive organs, and the mus- 
cles are amongst these ; the muscles are the organs which 
modulate the voice of the animal : the mule has the muscu- 
lar structure of its sire the ass, and brays ; the hinny has the 
muscular structure of its sire the horse, and neighs." 
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Tills seoms decisiye, until we extend our observations, 
and then we find the law altogether at fault. The produce 
of a dog and a she-wolf sometimes bark and sometimes only 
howl, according to Buffon ; and the produce of a bitch-fox 
and a dog, according to Burdach, barked like a dog, though 
somewhat hoarsely, and howled like a wolf when it was 
hurt. A similar remark has been made by all who have 
attended to cross-breeding in birds ; the hybrid of the gold- 
finch and the canary has the song of the goldfinch mingled 
with occasional notes of the canary, which seem perpetually 
about to gain the predominance. 

These illustrations, apart from their interest, teach us to 
be cautious in generalising from a few facts, however strik- 
ing, in questions so complex as all biological questions are. 
Let us, however, continue to call on Mr. Orton for &cts. 
He quotes a letter from Dr. George Wilson to Dr. Harvey, 
respecting the produce of the Manx cat and the common rat. 
The Manx cat has no tail, and is particularly long in the 
hinder legs. *' You will see," says Dr. Wilson, " from the 
facts communicated, that where the Manx cat was the 
mother, the kittens had tails of a sort ; where the Manx cat 
was the father, three-fourths of the kittens had no tails." 
Mr. Orton also quotes a communication made to him by 
Mr. Garnett, of Clitheroe : — " From these I select those per- 
taining to the Muscovy duck and some hybrids produced 
between it and the common duck. You are aware that the 
Muscovy drake exceeds in a striking degree the duck in 
size ; the drake weighing from 8 to 9J lb., while the duck 
weighs only from 3 to 4 lb. Hybrids produced from the 
Muscovy drake and common duck followed this peculiarity 
of the male parent as to the relative size of the male and 
female hybrids ; the male weighing from 5 to 6 lb., the 
females not half as much. On the other hand, the difference 
in the size of the sexes when the hybrids were the produce 
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of the common drake and the Muscovy duck, was not appa- 
rent." 

A valuable observation, certainly. Mr. Orton adds the 
following of his own. He placed a Cochin cock with his 
common hens, " reasoning that if the vital organs were due 
to the female, then the cross between these birds (being ex- 
ternally Cochins and internally common hens) should lay 
white eggs, the secretion of the egg being a vital function. 
You know that the Cochin lays a chocolate-coloured egg. 
The half-breed did what theory said they should do — laid 
white eggs ; and not only white eggs, but eggs also- which, 
on the evidence of myself and family, were very inferior in 
taste, having lost the mellow, buttery taste of the Cochin 

But he has recorded another curious fact respecting this 
same experiment, which might have made him aware of the 
problematical nature of his theory, had not his sagacity been 
hoodwinked by the theory : — " These same half-bred birds 
afforded another and a very unlooked-for illustration of the 
position we have taken. They were all, when first hatched, 
like the Cochin cock, profusely feathered on the legs and 
feet, so much so, that they had to be marked to distinguish 
them from the pure-bred birds. We see here that, accord- 
ing to the law, the male parent implanted his characteris- 
tics ; but what was curious, in a few weeks, in some of the 
half-breeds all, and in many most of the leg feathers were 
shed. T^vo out of some twenty birds only retained them 
in any very conspicuous degree. Now, why was thisi 
The cock had implanted his external characteristics, the hen 
had given her vital organs. The feathers of the male were 
there ; but the vital organs necessary to their growth, were 
not there; and consequently, afler a time, for want of 
nutriment, these feathers were shed." 

We will not here enter on the question of the growth of 
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feathers (a very complex matter), but, accepting his own 
premises, ask him, if the external characteristics are thus 
dependent on the vital organs for their growth and devel- 
opment, and these vital organs are given by the female^ how 
does the child ever exhibit the characteristics of the male, 
after infancy ? Of what use is it for the male to implant his 
characteristics, when the female influence is thus certain to 
annihilate them 1 

Mr. Orton further cites the practice of Bakewell with re- 
spect to his celebrated Dishley sheep. His rams might be 
bought or hired, for a good price ; but his best ewes were 
sacred. These he would neither sell nor let. As a counter- 
statement, let it be noted that, according to Girou, the farm- 
ers are more particular about the bull than about the cow 
when they want a good milking cow, for it is observed that 
the property of abundant secretion of milk is more certain 
to be transmitted from a bull than from a cow. We ques- 
tion the fact of the bull having greater influence than the 
cow, believing that in each case the property is transmitted 
according to direct heritage ; but that the bull should be 
known to have any importance in this respect, is an evidence 
that the " vital organs " are not solely given by the female. 

The result of Mr. Orton' s researches proves that the 
male does transmit his qualities to his descendants ; as a 
matter of fact this must be always distinctly remembered ; 
but neither his researches nor those of his predecessors suf- 
fice to prove this transmission to be absolute, in the sense 
required by those who maintain that the male gives the 
animal and the female the vegetative organs ; as well as by 
tliose who maintain that the male influence necessarily and 
invariably predominates in the animal, the female in the 
vegetative organs. Still it is important to know that by the 
pollen of flowers we can modify the tints, and produce any 
varieties of tulip, violet, or dahlia ; important to know that 
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we can also modify the plumage of birds and the colour of 
animals : it is important to know that the male qualities 
are transmissible. But for scientific rigour this is not 
enough. Before we can establish a law of this kind, we 
must be sure that the fact is constant and admits of no ex- 
ceptions, or only of such apparent exceptions as may be 
classed under unexplained perturbations. Now daily obser- 
vations, no less than recorded cases, assure us that the law 
is very far from being constant, that the female as unmis- 
takably transmits her qualities as the male transmits his, 
and that any theorist who should reverse the current theory, 
and declare the mother bestowed the animal system, 
leaving the vegetative to the father, would be able to make 
a formidable array of facts. Let us glance awhile at the 
evidence. 

The male is said to give the colour ; but the female does 
so likewise. A black cat and a white cat will have kittens 
which may be all black, all white, or black spotted with 
white, and white spotted with black. Every street will 
furnish examples. Isidore GeofTroy St. Ililaire speaks of a 
case under his observation, of a black buck and a white doe : 
the first produce was a black and white fawn ; the second a 
fawn entirely black, except a white spot above the hoof.* 
Burdach mentions the case of a raven and a grey crow, who 
had a brood of ^vif^ — two black like the father, two grey like 
the mother, and one mixed. The ass has only five lumbar 
vertebrae, the horse six ; but the mule has sometimes five 
like its mother, and six like its father ; the hinny also shows 
the same inconstancy. The same result is observed with re- 
spect to all other qualities. But perhaps the most decisive 
example we could quote of the twofold influence of parents 
is in the singular instance recorded by Buffbn. The Mar- 
quis Spontin-Beaufort had a she-wolf living in his stables 

* Diet. Cku9ique d'Hiatoire NatureUe, z. 121. 
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1^'ith a setter dog, by whom she had two cubs, a male and a 
female. The male resembled externally his father the dog, 
except that his ears were pointed and his tail was like that 
of the wolf; the female, on the contrary, resembled her 
mother, the wolf, in all external characteristics except the 
tail, which was the same as her father's. Here, in one case, 
the fiithcr gave the external characteristics, in the other the 
mother ; while the tail was in each case, as it were, trans- 
posed. But the marvel of this case does not stop here : the 
cubs manifested a striking difference in disposition, in each 
case resembling in character the parent it did not resemble in 
appearance and in sex : thus the male cub, which had all the 
appearance of a dog, was fierce and untamable as the wolf; 
the female cub, which had all the appearance of a wolf, was 
familiar, gentle, and caressing even to importunity. Lucas 
records an analogous case. These hybrids are very instruc- 
tive, because the wide differences in the aspect and nature 
of the parents enable us to separate, as it were, the in- 
fluence of each. The wolf and the dog often breed together ; 
and the following observations, interesting in themselves, 
will suffice to show the reader how much caution is necessary 
before drawing absolute conclusions from single illustrations. 
Valmont Bomare observed in the various hybrids of wolf 
and dog which came under his notice at Chantilly, a striking 
preponderance of the wolf over the dog; Marsch, on the 
contrary, observed in his experience a preponderance of the 
dog over the wolf; Geoffroy St. Hilaire and Pallas found 
the wolf to predominate ; whereas, MaroUe found the cubs 
remarkable for their gentleness and doglike instincts, only 
recalling the wolf in their voracity and fondness for flesh. 
Girou found the preponderance to vary; sometimes the 
father, sometimes the mother reappeared in the oflspring. 
If there were no other evidence, this would suffice to di»« 
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prove the hypothesis of either parent contributing one group 
of organs to the absolute exclusion of the other parent. 

The same fact of twofold influence is shown in the trans- 
mission of deformities, such as extra toes, extra fingers, &c. : 
sometimes the male, and sometimes the female, is shown to 
preponderate, by the offspring inheriting the deformity of 
the male or the female. It is well said by Girou,* that " if 
the organisation of the male was the only one which passed 
to the child, the child would resemble the father, as the fruit 
of a graft resembles the tree from which the graft was taken, 
and not at all the tree on which it was grafted." And what 
is here said of the whole organisation, applies with equal 
force to any one system, such as the nervous or the nu- 
tritive. 

Moreover, if the hypothesis we are combating be ad- 
mitted — if the fether bestows the nervous system — ^how are 
we to explain the notorious inferiority of the children of 
great men? There is considerable exaggeration afloat on 
this matter, and able men have been called nullities because 
they have not manifested the great talents of their fathers ; 
but allowing for all overstatement, the palpable fact of the 
inferiority of some sons to their fathers is beyond dispute, 
and has helped to foster the idea of all great men owing 
their genius to their mothers : an idea which will not bear 
confrontation with the facts. Many men of genius have 
had remarkable mothers ; and that one such instance could 
be cited is suflicient to prove the error both of the hypothe- 
sis which refers the nervous system to paternal influence, 
and of the hypothesis which only refers the preponderance 
to the paternal influence. If the male preponderates, how is 
it that Pericles, who " carried the weapons of Zeus upon his 
tongue," produced nothing better than a Paralus and a 
Xanthippus? How oame the infamous Lysimachus from 

* Dela Ginh'ation^ p. 113. 
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the austere Aristides 1 How was the weighty intellect of 
Thucydides left to be represented by an idiotic Milesius, and 
a stupid Stephanus 1 Where was the great soul of Oliver 
Cromwell in his son Richard ? Who were the inheritors of 
Henry IV. and Peter the Great ] What were Shakespeare's 
children, tind Milton's daughters 1 What was Addison's 
only son? an idiot. Unless the mother preponderated in 
these and similar instances, we are without an explanation ; 
for it being proved as a law of heritage, that the individual 
docs transmit his qualities to his offspring, it is only on the 
supposition of both individuals transmitting their organisa- 
tions, and the one modifying the other, that such anomalies 
are conceivable. When the paternal influence is not coun- 
teracted, we see it transmitted. Hence the common remark, 
" talent runs in families." The proverbial phrases, " I'esprit 
des Mortemarts," and the " wit of the Sheridans," imply 
this transmission from father to son. Bernardo Tasso was 
a considerable poet, and his son Torquato inherited his Acui- 
ties heightened by the influence of the mother. The two 
Ilerschels, the two Colemans, the Kemble family, and the 
Coleridges, will at once occur to the reader ; but the most 
striking example known to us is that of the femily which 
boasted Jean Sebastian Bach as the culminating illustration 
of a musical genius, which, more or less, was distributed 
over three hundred Bachs, the children of very various 
mothers. 

Here a sceptical reader may be tempted to ask, how a 
man of genius is ever produced, if the child is always the 
repetition of his parents ? How can two parents of ordinary 
capacity produce a child of extraordinary power 1 The an- 
swer must be postponed until we come to treat of secondary 
influences. For the present, we content ourselves with in- 
sisting on the conclusion to which the foregoing survey of 
facts has led, namely, that both prents are always represented 
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in the ofTspring ; and although the male influence is some- 
times seen to preponderate in one direction, and the female 
influence in another, yet this direction is by no means con- 
stant, is oflen reversed, and admits of no absolute reduction 
to a known formula. We cannot say absolutely, " the male 
gives such organs ; " we cannot even say, " the male always 
preponderates in such or such a direction." Both give all 
organs ; sometimes one preponderates, sometimes the other. 
In one family we see children resembling the father, chil- 
dren resembling the mother, and children resembling 
both. 

This is the conclusion inevitable on a wide survey of the 
facts. It is equally inevitable a priori, if we take our 
stand upon the evidence of embryology ; and as some read- 
ers prefer logical deductions to any massive accumulation 
of facts, we will ask them to consider the question from 
this point of view. Reproduction, in the vegetable and ani- 
mal kingdoms, is known to naturalists under three forms. 
In the first, a single cell spontaneously divides itself into 
two cells. Here it is quite clear that the child reproduces 
the totality of the parent. In the second form, the process 
called " budding " takes place : the child here grows out of 
the substance of the parent, until its development is com- 
plete, and then it separates itself from the parent to live a 
free life. Here also the parent is reproduced in its totality. 
In the third form, a higher complexity of organisation has 
led to a more complex and more special mode of reproduc- 
tion : the parent gives off from its own substance, by what 
may be also considered a '' budding process," a mass of cells, 
which as pollen and ovule, as sperm-cells and germ-cells, 
unite to develop into plants or animals. Here, again, there 
ought to be no doubt that the parents are reproduced ; their 
offspring truly may be called " their own flesh and blood." 
Nor would the doubt have ever arisen, had not the great 

31 
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complexity of the organisms admitted the intervenjbion of 
the Law of Variations, to which all dissemblances are due. 
But however such interventions may baffle our inquiries, the 
mind recognises at once the truth of the proposition that 
sperm-cell and germ-cell are as much to be regarded in the 
light of reproductions of the parents, as the cells produced 
by spontaneous division are to be regarded in the light of 
repetitions of the parent-cell. 

It is now time that we should direct our attention to 
some of the perturbing causes which mask the laws of trans- 
mission from our perfect apprehension. While proclaiming 
as absolute the law of individual transmission, while pro- 
claiming that the parents are always reproduced in the off- 
spring, we are met by the obvious feet of the oflipring often 
exhibiting so marked a departure from their parents, being 
so different in form and disposition, that the law seems at 
fault. We may point to the fact of a genius suddenly start- 
ing up in an ordinary family, or to a thousand illustrative 
examples in which the law of individual transmission seems 
at fault. To explain these would be to have mastered the 
whole mystery of heritage ; all that we can do is to mention 
some of the known perturbing influences. 

Sir Everard Home mentions a striking case, which has 
become celebrated, of a thorough-bred English mare, who, 
in the year 1816, had a mule by a quagga — the mule bear- 
ing the unmistakable quagga marks. In the years 1817, 
1818, and 1823, this mare again foaled, and although she 
had not seen the quagga since 1816, her three foals were all 
marked with the curious quagga marks. Nor is this by 
any means an isolated case. Meckel observed similar re- 
sults in the crossing of a wild boar with a domestic sow ; in 
the first litter several had the brown bristles of the father ; 
and in each of the sow's subsequent litters by domestic 
boars, some of the young ones were easily distinguished by 
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their resemblance to the wild boar. Mr. Orton verified this 
fact in the cases of dogs, pigs, and poultry. 

Besides this very remarkable perturbing influence, we 
must also consider the phenomenon of atavism, or ancestral 
influence, in which the child manifests striking resemblance 
to the grandfather or grandmother, and not to the father or 
mother. The fact is ^miliar enough to dispense with our 
citing examples. How is it to be explained ? It is to be 
explained on the supposition that the qualities were trans- 
mitted from the grand&ther to the father, in whom they 
were masked by the presence of some antagonistic or con- 
trolling influence, and thence transmitted to the son, in 
whom, the antagonistic influence being withdrawn, they 
manifested themselves. A man has a remarkable aptitude 
for music ; but the influence of his wife is such that their 
children, inheriting her imperfect ear, manifest no musical 
talent whatever. These children, however, have inherited 
the disposition of their &ther, in spite of its non-manifesta- 
tion ; and if^ when they transmit what in them is latent, the 
influence of their wives is favourable, the grandchildren may 
turn out to be musically-gifled. In the same way CJon- 
sumption or Insanity seems to lie dormant for a generation, 
and in the next flashes out with the same fury as of old. 
Atavism is thus a phenomenon always to be borne in mind 
as one of the many complications of the complex problem. 

A third cause of complication is one which we propose 
to call " the potency of the individual." Both father and 
mother transmit their organisations, but they do so in un- 
equal d^rees : the more potent predominates ; just as if 
you mix brandy with equal amounts of water, soda-water, 
and ginger-beer, the taste of the brandy will predominate 
more in the water than in the soda-water, more in the soda- 
water than in the ginger-beer. 

According to Rush (quoted by Lucas), the Danes, inter- 
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marrying with women of the East, always produce children 
resembling the European type ; but the converse does not 
hold good when Danish women intermarry with the men of 
the East Klaproth observes the same in the mingling of 
the Caucasian and Mongolian races. Girou, after five-and- 
twenty years' experience in the breeding of sheep, found this 
" potency " destroy his calculations. He ianded that, by 
means of his Eoussillon sheep and the Merino rams, he 
could sooner arrive at the fineness of wool whidi distin- 
guishes the Merino, than if he coupled the Aveyron sheep 
with the Merino rams ; but he found that the Eoussillon 
type resisted the Merino so energetically that, after a 
quarter of a century of successive crossings, it still reap- 
peared, whereas the Aveyron sheep had long ceased to be 
distinguishable from the Merinos. The same potency of 
particular species is noticeable in plants. Koelreuter is 
quoted by Burdach as having fecundated the Nicoiiana pan- 
iculata with the pollen of A^. rusiica ; and the hybrids thus 
produced were fecundated with the pollen of iV. paniculata^ 
but the plants resembled the N, rustica. On reversing this 
experiment, ho still found the female A^. rustica to have the 
preponderance ; so that, cross the species how he would, 
the A", rusiica showed most potency. 

But although we thus see that Race has a marked pre- 
ponderance, we must also remember that it is subject to 
the individual variations of vigour, health, age, &;c. Girou 
sums up his observations with this general remark : the 
offspring of an old male and a young female resembles the 
father less than the mother in proportion as the mother is 
more vigorous and the father more decrepit ; the reverse is 
true of the offspring of an old female and a young male. In 
fact, if we consider that the offspring reproduces the organi- 
sation of its parents, and, consequently, the organisation of 
thai particular period, we see at once that age, health, and 
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general potency of organisation, must be taken into the ac- 
count of complicating causes. This also will help to explain 
—but not wholly explain — ^the great differences observable 
in the same family : differences of sex, of strength, and ap- 
pearance. At present, however, science can only take note 
of it as a " perturbing influence." 

Reviewing the evidence which has been adduced, we find 
it establishing the following important positions. We in- 
herit from our parents the general form and features, the 
bony, muscular, nervous, and glandular structures : there is 
no absolute constancy in the transmission of any one part of 
the organisation ; but just as the features may be curiously 
compounded of the features of both parents, or the eyes and 
mouth may resemble those of the mother, while the chin, 
nose, and brow resemble those of the father ; so may the 
various parts of the body be a compound of the organs of 
both parents, or a distribution of the organs of both parents. 
With this inheritance of the general organisation, we neces- 
sarily inherit its tendencies. We inherit the temperament, 
the longevity, the strength, the susceptibility of one or both 
parents. We inherit the tendency to scrofula, epilepsy, or 
mania. We inherit the nervous system, no less than the 
mucular and bony ; and with the nervous system, we inherit 
its general and particular characters — that is to say, the 
general sensibility of the system, and the conformation of 
the brain and sensory ganglia, are as much subject to the 
law of transmission as the size and conformation of the bony 
and muscular structures are. This being so, it is evident 
that all those tendencies which depend on the nervous sys- 
tem will likewise be inherited ; and even special aptitudes, 
such as those for music, mathematics, wit, and so on, will 
be inherited ; nay, even acquired tendencies, and tricks of 
gesture, will be inherited. But this inheritance is in each 
case subject to the influence exercised by the other parent ; 
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and very oflen this influence is such as to modify, to mask, 
or even to entirely suppress the manifestation. A man of 
highly susceptible nervous organisation, a man of genius, 
marries a woman of powerful organisation, but of rather 
inferior brain : the influence of the mother is such, that the 
child turns out perhaps irritable, nervous, but intellectually 
feeble; or healthy, vigorous, and commonplace; or even 
stupid, and, it may be, idiotic. Or both parents may be re- 
markable for intellect, yet because their nervous systems 
have been developed at the expense of their nutritive sys- 
tems, their child may be susceptible, but puny and feeble. 

Without presuming to fix the limits of inheritance, I 
must confess that I cannot extend them so far as some writ- 
ers seem disposed to extend them. F. Cuvier, for instance, 
says that young foxes, in countries where traps are lidd, are 
less easily caught than young foxes elsewhere : this may bo 
strictly true, but I cannot regard this as evidence that the 
foxes have inherited greater wariness in regard to traps. It 
is possible that they may inherit a greater susceptibility to 
fear of all objects, if fear has been more active in their an- 
cestors ; because this will depend upon the general suscep- 
tibility of the nervous system having been heightenerl ; but 
to suppose that young foxes inherit any particular fear of 
traps, is to believe in the existence of innate ideas. It is 
conceivable that a devout tendency may be inherited from 
parents in whom devotion was a very eminent quality ; » 
because it is conceivable that a peculiarity of organisation 
may have been inherited, which would impress this tendency 
on the mind of the child ; but we cannot conceive anything 
so specific as the worship of the Virgin, to be inherited, even 
after centuries of devotion. 

There are many other topics connected with this subject 
of inheritance,* but our space will only admit of one more 

* InHBBBEBT Spbnceb's Principles qf Psychology wUl be found numerous 
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being touched on, and that is the question of whether it is 
morally justifiable to consent to a marriage when one of 
the lovers has the " taint " of insanity or consumption, — 
either directly manifested, or only suspected to exist because 
it has been manifested in the family. I believe it to be as 
certain that the tendency to insanity, scrofula, or consump- 
tion is transmitted from parent to child as that any other 
peculiarity is transmitted : if we expect a Roman-nosed 
father to transmit that form of feature to his son, we must 
also expect him to transmit the "taint" of insanity, or 
scrofula. If this were the whole case, the moral rule would 
be clear, and marriage would be imperiously forbidden. 
But certain as the law is, it is not single. There is another 
law equally valid. The child of the Roman-nosed father is 
just as likely to be born with a nose not at all or very 
slightly aquiline, inheriting from his mother as well as from 
liis father ; the child of the tainted father is just as likely 
to be born with a very slight taint, or none that is appre- 
ciable. 

We see this constantly in families : one parent is carried 
off by consumption ; two or three of the children likewise 
perish ; one or two are merely delicate ; the rest seem as 
vigorous as other people. If this is true in cases where one 
parent is manifestly and fatally affected, how much more 
must it be so in cases where the parent is only liable to the 
possibility of being affected, because the disease is in the 
family ? All that we can say is that there is a great risk. 
Much will depend on the constitution of the untainted parent. 
A man with tubercles already formed may marry a woman 
who shall bear him numerous children, all perfectly healthy ; 
whereas the same man may marry another woman whose 

applicaiionB of the law of inheritance, especially as regards the Moral Sense and 
Intellectual progress. 
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children would all be doomed. Each individual case would 
require a deliberate survey of all the conditions before a 
reasonable judgment could be offered; no absolute rule 
can be laid down, because none will fit the complexity of 
the cases. 
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CHAPTER Xin. 



LIFE AND DEATH. 



The mystery of Life— Suspended animation—Is there a Vital Principle ?— Ex- 
amination of the arguments in favour of it— Does Life control chemical 
affinities f— Does Life precede Organisation ?— Life an aggregate unity — 
What is Life ?— Definitions which have been attempted— Cell-life— Life of 
the parts and life of the whole— The three laws of Life — Vegetal and Animal 
Life— Criticism of BichAt : Vegetal organs, double and symmetrical ; the 
law of intermittence not confined to animal functions— Life in relation to the 
external medium— Duration of life— The four Ages— Longevity— Old Age — 
Death the inevitable residue of Life— Death of the parts— Death of the 
organism— Apparent Death— Signs of Death. 



Life and Death are ^miliar mysteries. Nothing can be 
more familiar to our minds ; of nothing do we know less. 
The man whom we loved and honoured, who an hour ago 
was full of energy, affection, hope, and endeavour, is now 
lying an inert mass before us, insensible, inanimate. What 
has made this difference ? The form remains, and, but for 
the paleness of the face, we might suppose him sleeping 
placidly. Yet Life has vanished, and 

** All that mighty heart is lying stilL" 

What is it that has vanished ? Whence comes this terrible 
stillness ? 

The grains of wheat found in Egyptian tombs, on being 
planted in the soil of France, grew into waving com. 
For three thousand years these grains had been without 
31* 
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Life, yet we cannot say they were dead; they were organic 
seeds, products of Life, and had themselves once lived : they 
were developed from cells into seeds, and at this point in 
their development their vital activity was arrested, because 
the necessary heat, light, and soil were wanting; but no 
sooner were these supplied, than the arrested activity was 
once more set free — the seed became a plant. 

The microscopic animals known as Rotifers become, to 
all appearance, dead, when the water of the moss in which 
they live is evaporated ; and in this state of suspended ani- 
mation they may remain for years, recovering their energy 
on the addition of a little water ; they may be dried and 
revived fifteen times in succession ; but they are not dead 
in these cases, and they do not decompose. Frogs and 
toads, especially the latter, when subjected to the action of 
intense cold, may be perfectly frozen^ all their fluids becom- 
ing congealed, all their tissues rigid. Yet these animals are not 
dead. Let heat be cautiously applied, and the congelation 
ceases : in eight minutes, life is once more in full activity.* 

In all these cases it is clear that the various phenomena 
grouped under the term Life are entirely absent ; they 
would never manifest themselves, unless the peculiar con- 
ditions necessary for their manifestation were supplied. 
The three thousand years would, for the Egyptian grain, 
stretch to an eternity. The organism in this state of sus- 
pended animation is not destroyed ; it is like a watch that 
has run down: until it be again wound up, its delicate 
mechanism will remain silent and inactive. But once set 
one part of this mechanism going, and all are set going. 
Death is not the unwound watch, but the watch with its 
mainspring broken. 

♦ The authorities for these statements are Geoffroy St. Hilairk, Lxku> 
WKNHOBK, Spallanzani, Isidorb St. Hilaire, and DuiMRiL. For that relat- 
ing to the toads, see Comptes Rendtta^ vi. 638, and Annalea des /Sciences, 1853; 
xvii. 10. Compare also the simie work, 1858, x. ?.n5. 
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These analogies naturally raise the question, Is there in 
organic beings anything strictly analogous to the mainspring 
of a watch 1 Can we suppose the existence of some vital 
centre from which all vital actions issue ? 

Nothing was easier for the early physiologists than to 
answer this important question. They assimied the exist- 
ence of two distinct things — dead matter, and a living 
entity. Life, they said, was an entity, a principle essen- 
tially distinct from matter, inhabiting the body, which was 
composed of dead matter, as living men inhabit dead houses. 
If this principle quitted the body, the result was Death. 
If it remained in the body, but wholly inactive, as in swoon- 
ing, it was said to be " suspended." The Vital Principle 
animated, directed, formed the body, preserved it from the 
effects of chemical action, and on quitting it, lefl it a prey 
to this destructive action, which was manifested by disso- 
lution. 

"Kiis is, in brief, the hypothesis of a Vital Principle, 
which was dominant for many centuries, and is now rejected 
by all, except a few metaphysicians and metaphysiologists. 
It has fallen into complete discredit, since men have 
learned that, besides being in opposition with all the 
teachings of Science, it is really nothing more than a sub- 
stitution of words for ideas, and while seeming to explain 
the phenomena, it only gives a verbal explanation which 
leaves the problem unsolved. The same remark is true, 
although to a less extent, of the modern doctrine of a Vital 
Force, or Vital Forces. So long as vital force merely in- 
dicates the dynamical condition of the organism, the phrase 
is unobjectionable ; and if the vital forces are taken as the 
abstract, of which the vital phenomena are the concrete, we 
may use the term as freely as we use the terms " mechan- 
ical force," " locomotive power," and the like. But when 
the abstract term misleads us into a belief in there being a 



348 LIFE AND DEATH. 

concrete existence corresponding with the abstraction — when 
we suppose that there are vital forces independent of, and 
controlling, the sum of material conditions present — ^it is as 
if we imagined a watch-principle turning the hands on the 
dial-plate, or a moving-principle driving the engine, irrespec- 
tive of coal burned and water expanded. To conceive the 
organism in action, and to call its activities by the name of 
vital forces, is one thing ; to conceive that these activities 
are anything more than dynamic states of the organism is 
another. The one conception is physiological, the other is 
wietophysiological. 

Chemists have analysed organic substances, taken them 
to pieces, and in some cases have been able to fndke organic 
substances — putting together the sort of pieces they have 
found in such substances. They have not, indeed, been able 
to make any of the higher organic substances, such as albu- 
men ; but they can very accurately unmake them. In all 
their researches no one has ever discovered anything which 
could be called specially] organic — ^that is to say, formed 
of elements not found in inorganic bodies. No one has 
ever found that the elements of organic bodies differed, 
when separated, from those same elements in inorganic 
bodies ; and the inevitable conclusion has been, that since 
organic bodies do not differ from the inorganic in their 
elements, but only in the arrangement and combination of 
these elements, the phenomena specially manifested by 
organic bodies must be due to this speciality of arrange- 
ment. There can be no such thing as matter essentially 
dead; there can be no such thing as matter essentially 
living. That which to-day we class as dead, will to-morrow 
be classed as living, and that which is living to-day will be 
dead to-morrow. Living and dead are terms which indicate 
certain groups of phenomena ; and these phenomena are 
dependent on certain groups of conditions. The phenomena 
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manifested by sulphuric acid are exceedingly unlike those 
manifested by the sulphur and the oxygen of which it is 
composed ; iu like manner, the phenomena manifested by 
the excessively complex structures, named organic, are ex- 
ceedingly unlike the phenomena manifested by the separate 
substances composing them. 

It is true that if there were a Vital Principle, or an in- 
dependent Vital Force, its presence might be the cause of 
this very difference in the conditions which, we have said, 
determines the peculiarity of vital phenomena. But we 
must never gratuitously multiply existences, we must never 
assume that which is incapable of proof. A Vital Principle 
is incapable of proof; if it exist, we cannot know it ; and 
unless its existence can be proved, it is to us a mere phrase 
concealing our ignorance. Phrases serve to build systems, 
but they hamper the progress of knowledge. 

There are only three arguments in favour of a Vital 
Principle which we need consider here: these are, first, 
that Life controls chemical affinities ; second, that Life pre* 
cedes Organisation, and cannot therefore be a result of Or- 
ganisation ; third, that Life is a presiding unity. 

Does Life control Chemical Affinities? — The obvious 
fact, that no sooner is life extinct than the body passes into 
corruption, its particles yielding to the action of chemical 
affinities, whereas, as long as vitality remains, the body 
retains its form, and does not seem to yield to the destruc- 
tive action of chemical agencies, early led men to conceive 
that there was some mysterious principle controlling chem- 
ical action in the vital organism. And a striking confirma- 
tion of this idea seemed furnished by the fact that the 
gastric juice eats away the coats of the dead stomach, but 
leaves the living stomach unaffected. "When, however, we 
examine closely these two points, we find that an entire 
misconception lies at the bottom of the hypothesis. Instead 
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of chemical affinities being controlled by vitality^ there is 
no vital action possible without the incessant and complicated 
action of chemical affinities — ^all the molecular changes of 
composition and decomposition occurring in the living body 
—all nutrition, secretion, and motion, depend on chemical 
actions. If the oxygen of the atmosphere destroys the 
dead tissues, not less energetically does it destroy the living 
tissues ; but the destruction of the dead tissue is not replaced 
by the reproduction of fresh tissue, as in the living organ- 
ism. I have already had occasion to explain why the living 
stomach is not destroyed by the gastric juice.* No sooner 
do we admit that all chemical affinities are not controlled 
by vital laws, no sooner are we aware that chemical actions 
incessantly take place in the living oiganism, and these 
actions are dependent on precisely the tame affinities as 
those exhibited out of the organism, than it becomes dear 
that if any chemical actions are prevented from taking place 
in the organism, it is because the proper conditions for such 
actions are not present. No phenomenon, chemical or vital, 
can take place unless it be under the conditions which per- 
mit its manifestation. Wet gunpowder will not explode. 
Water will not solidify above a temperature of 32°. Chlo- 
rine will not unite with Hydrogen in the dark ; yet in the 
sunlight their affinity is so strong that they unite with ex- 
plosion. A certain range of temperature is necessary for 
all chemical actions ; and those combinations which take 
place at the ordinary temperatures of the air may be en- 
tirely prevented by cold. If, therefore, many chemical 
phenomena take place in the living organism which are not 
observable elsewhere, it is because the conditions are difier- 

* Bee the chapter on Diobstion and Indiokstion, vol. 1. p. 175 et »eq. 
Doubts have been thrown on the explanation there given. It is urged that ILo 
presence of mncus is the cause of the gastric Juice being inoperative. If thli be 
BO, my argument remains Just as strong— since the mucus, and not a vital prin- 
ciple, preserves the stomach. 



LIFE AKD ORGANISATION. 351 

ent. And as for the oft-cited resistance to decomposition 
which the Vital Principle is said to effect, not only is the 
fact quite otherwise, not only is decomposition incessantly 
going on in the living organism ; but if the fact were as 
stated, it could be met by the fact that an infinitely better 
preservative against decomposition is found in Alcohol, 
Glycerine, or Chromic acid. 

Does Life precede Organisation ? — ^There is an unfor- 
tunate ambiguity in the word Organisation, which renders 
it very plausible to say that Organisation is produced by 
Life, and does not produce it. Men point to the fact of the 
living germ, which is only a cell, or a mass of cells, and 
they say, Here is Life, but the organs are not yet formed. 
They point also to a dead body, and say, Here is Organisa- 
tion ; no lesion has taken place ; every organ, every tissue 
remains intact, yet Life is gone. There was a time when 
this reasoning seemed to me conclusive ; and so long as 
we understand by an organism a collection of organs, the 
knowledge of the existence of many plants and animals, and 
of all embryos in their earliest state, which have no " organs " 
at all, makes it impossible to reject the conclusion ; equally 
impossible is it, when we conceive the organism as meaning 
solely the solid fabric, and not also the whole sum of conr 
ditions necessary for its activity. If I tie an artery, I do 
not destroy the structure of the limb to which it is dis- 
tributed, but I destroy the organic relations of the several 
elements — ^I destroy the conditions necessary to the vitality 
of that limb. If I prevent the access of oxygen to the 
blood, I do not destroy the febric of the body, but I disturb 
the conditions necessary to the vital activity of the body, as 
completely as I destroy the conditions necessary to an ex- 
plosion when I throw water on gunpowder. Recurring to 
the old analogy of a watch, when the chain has run down, 
the mechanism is as perfect as ever, but the mechanical re- 
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lations of the parts are disturbed, and the watch is still : to 
set it in action once more, we have only to wind it up ; 
that is to say, we have to restore the necessary conditions 
of mechanical relation. 

With regard to Life not resulting from Organisation, 
this position rests on vague conceptions of both terms. 
Let us remember that Organisation means the whole sum 
of necessary conditions, no less than the organic &bric, and 
it will not be difficult to imderstand that Life is proportion* 
al to Organisation. The life of a single cell is the sum-total 
of the activities of that cell, and is simple in proportion as 
the Organisation is simple. The Life of a highly-orgamsed 
animal is the sum-total of the acclivities of all the forces at 
work, and is complex in proportion to the complexity of 
the organism. Take a single cell which is manifesting all 
its vital activity, spread it out into a layer, and although 
all the material of which it was composed remmns as before, 
the properties which belonged to it a^ a cell — ^its Life — can 
no more be manifested. 

And this leads ua to the third argument in favour of a 
Vital Principle, namely, that Life is a presiding unity. " The 
body is one ; all its parts are subordinate ; all are bound 
together in a higher unity. Our consciousness assures us 
that our Life is a unity." There is an important fact indi- 
cated in this argument, but it is misinterpreted. There is 
unity — there is a consensus of the whole organism. But 
this is not, I conceive, attributable to a Vital Principle, ex- 
isting independently of the organism ; it is due to organic 
subordination : all the parts are related ; all act together 
by means of the nervous system, as all the parts of an army 
act together by moans of officers and discipline. Where 
there is no such connection of parts, there can be no such 
subordination of organs. We may divide a Polype or a 
worm into several pieces, each piece continuing to live and 
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grow ; but we cannot suppose that in such cases we have 
cut the Vital Principle into several Principles. There is, as 
we shall see presently, a life of the parts, and a life of the 
whole organism ; each microscopic cell has its independent 
existence, runs its own career from birth to death ; and the 
sum-total of such lives forms what we call the Life of the 
animal : the unity is an aggregate of forces, not one presid- 
ing force. 

I have dwelt the longer on this topic, because, although 
the hypothesis of a Vital Principle has fallen into general 
discredit, the metaphysical attitude of mind which is im- 
plied in the hypothesis, is still unhappily too common 
among physiologists ; and as it is the purpose of this work 
to consider Physiology even more with reference to general 
culture than as a branch of special science, the discussion 
became necessary. Having lingered thus to refute the hy- 
pothe45is of a Vital Principle, I may be asked what is the 
hypothesis to replace it 1 Instead of an hypothesis, I shall 
propose a description of vital phenomena. 

It is surely more philosophical to consider Life as an ul- 
timate fact ; one of the great revelations of the Unknow- 
able ; one of the many mysteries surrounding us. Having 
made up our minds on this point, having resigned ourselves 
to the complete relinquishment of all hypothesis, of all en- 
deavours to penetrate into the inscrutable, we cease vexing 
ourselves with the arcana of Nature, and try to ascertain 
the order of Nature. We no longer set up fictions of our 
imagination in the place of a reverent observation. There 
are minds, indeed, which feel distrust at such resignation. 
They seem to dread lest Life should be robbed of its solemn 
significance, in the attempt to associate it, even remotely, 
with inorganic phenomena. JBut this fear arises from nar- 
row views of Nature. It is because reverence for Nature 
has nQt been duly cultivated ; because familiarity with inor- 
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ganic phenomeDa has blunted our sense of their unspeakable 
mystery. Men who are thrilled at the tokens of the past 
life of man, when they see, or read of, buried cities. Pal- 
myra, Nineveh, or Yucatan, tremble with no delicious awe 
at the tokens of the past life of this earth, when they stand 
in a quarry, or ramble through a geological museum. Yet 
surely the crystal is not less mysterious than the plant ; the 
ebb and flow of the tides not less solemn than the beating of 
the human heart 1 And if patient observation and induc- 
tion have enabled us to trace something of the order of 
Nature in crystallisation and the tides, without aid from the 
metaphysicians, they may also enable us to understand 
something of the laws of Life. 

The general consent of mankind has consecrated the iden- 
tity of the words Life and Existence. By the life of an an- 
imal is meant the existence of the animal. The particles of 
which the animal is composed continue to exist after its 
death — that is, after its existence as an animal has ceased. 
If, then, we accept this general meaning, and say that Life 
in its abstract sense, is Existence, we shall have to consider 
all the various forms of life presented to our contemplation, 
as so many modes of existence. These forms often closely 
resemble each other; they often profoundly differ. Ac- 
cording to these resemblances and differences, we group 
them under two general heads : Organic Existence, and In- 
organic Existence. The mystery which underlies all Exist- 
ence cannot be unveiled by us ; but it is not less in the 
one case than in another ; and although custom has affixed 
the term " living " to one great group of existences, this 
new term does not introduce a new mystery, nor warrant a 
new attitude of mind in studying the group. All we are 
entitled to say is this — there is a speciality about vital phe- 
nomena, arising from the peculiarity and complexity of the 
conditions which determine them ; and this speciality must 
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warn us against reasoning about them as if they were not 
special, but were in all respects like inorganic phenomena ; 
this speciality, in short, suggests the necessity of studying 
them in themselves, and not as if they belonged to the gen- 
eral phenomena of physics and chemistry ; invaluable as the 
knowledge of these latter must always be as a means of ex- 
ploration. 

II. Definition of Life. — ^It would certainly be a great 
assistance in our efforts to describe vital phenomena, if we 
could fix clearly in our minds the chief characteristics which 
distinguish living from non-living bodies ; and a definition 
of Life would be peculiarly acceptable. The attempt has 
been repeatedly made, but never with entire success. 

Aristotle supposed that vital actions were under the do- 
minion of several Vital Principles {souls, ^fruxoL he calls 
them), each distinct, but all subordinate to one supreme 
Principle. This idea reigned many centuries, and was re- 
vived a few years i^o by Prout. Kant defines Life " an in- 
ternal principle of action ; " an organism is " that in which 
every part is at once means and end." This may be said 
with equal truth of fermentation. Treviranus calls life 
" the constant uniformity of phenomena under diversity of 
external influences," which may be equally said of a watch, 
since if the external influences in any way disturb the organ- 
ism or the mechanism, the phenomena cease to be uniform. 
Bichd,t's celebrated definition, '' Life is the sum of the func- 
tions by which death is resisted," is only another form of 
the definition proposed by Stahl, and is every way objec- 
tionable ; for, on the one hand, it is a paraphrase of the 
truism that life is the means by which we live ; and, on the 
other hand, it declares that there is a fatal antagonism in ex- 
ternal agencies ; whereas nothing is more certain than that 
external agencies are essential to vital phenomena : as we 
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saw in the opening paragraphs of this chapter. Duges calls 
Life " the special activity of organised beings;" and B6clard 
says, " Life is the sum of the phenomena proper to organ- 
ised beings. It consists essentially in this, that organised 
beings are all during a certain time the centres to which 
foreign substances penetrate and are appropriated, and from 
which others issue." De Blainville's definition, adopted by 
Auguste Comte and Charles Robin, runs thus : " Life is the 
twofold internal movement of composition and decomposi- 
tion at once general and continuous ; " but this only applies 
to Nutrition, and does not embrace all the cardinal phenom- 
ena : while the definition proposed by Herbert Spencer, 
namely, ^^ Life is the definite combination of heterc^neous 
changes, both simultaneous and successive in correspondence 
with external co-existences and sequences," has the disad- 
vantage of not being perfectly intelligible apart from his ex- 
planation of it in detail.* 

Perhaps the most intelligible and easily remembered 
definition would be this : " Life is the dynamical condition 
of the Organism,^'* This embraces every form of life, from 
that of the simple cell to that of the complex mammal. It 
expresses every variation in the intensity or complexity of 
the phenomena, according to the activity or complexity of 
the organism ; and their dependence on all agencies, exter- 
nal and internal. And when we add the three cardinal 
characteristics which the organism everywhere manifests, 
Growth, Reproduction, and Decay, we have briefly indi- 
cated all that specially distinguishes living from non-living 
things. 

III. Cell-Life. — Since the researches of Schwann in 

♦ Aristotle : De Animd, i. 2 ; Kant : Kritik der Urtheilakrt^y Werke, iv. 
2C0 ; Tre viRANUS : Biologic ; Biohat : Recherches aur la Vie et la Mart ; Stahl . 
7'heoria Medica vera^ i. 228 ; Duais : Physiol. Comparie^ \. 3 ; B^olard : Anat. 
OindrcUcj p. 4; Augusts Comte : Cours de Philos. Positive^ ill. 295; Spxncxb : 
Principles of Psychology^ p. 364. 
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1839, who applied to animals the doctrine of Schleiden with 
respect to plants, Biology has undergone a renovation al- 
most as great as that which Chemistry underwent after the 
labours of Lavoisier. The last twenty years, indeed, will 
be known in history as the cell-epoch, so manifold have 
been the researches and so striking the results, with respect 
to the part played by cells. That in these twenty years the 
original positions have been much modified will surprise no 
one ; nor have we any security that greater changes are not 
still awaiting the investigator. 

A cell is regarded as the true biological atom. Nothing 
is living but cells, or what can be directly traced back to 
cells. However great a departure from the cell-form may 
be disclosed in an anatomical investigation — as in fibres, 
vessels, bones, membranes — a morphological investigation 
detects that all these were cells in their origin. As a cell 
the organism commences ; all through its career, a large 
part of the organism is made of cells, and the rest is of 
transformed cells, or cell-products. 

What is a cell? It is usually a microscopic sac, or 
vesicle, containing a smaller vesicle, called the ntccleus. In 
many mature cells this nucleus contains a minute round 
body, probably solid, called the nucleolus ; this is, I believe, 
never found in young cells. Even the nucleus is not al- 
ways present : it is absent in cells about to perish, — such as 
the cells of the outermost layer of the skin ; or in cells which 
have only a transitory existence — such as the blood-cells of 
mammals. Besides the nucleus we must take into account 
the cell-contents. The delicate enveloping membrane, or 
cell-wall, which forms the sac, contains a liquid and gran- 
ules, the special nature of which determines the special 
properties of the cell. Thus the muscle-cell contains a con- 
tractile substance ; a pigment-cell contains colouring matter ; 
a mucus-cell contains mucus, and so on. 



358 LIFE AND DEATH. 

Every oell in the organism is independent : it is bom, 
it grows, it reproduces, and it dies, as if it were a single- 
celled plant, or animal. The growth and decay of an organ, 
is like the growth and decay of a nation, or of a tree : the 
individual cells composing the organ grow and perish, as the 
individual men, or the individual leaves, grow and perish. 
There is a certain aggregate unity, but it is made up of dis- 
tinct units. Just as the lifb of a nation, or a tree, is the 
sum total of the lives of all its individual parts, so is the 
life of an organism the sum total of the lives of its individ- 
ual cells. 

This is one of the great revelations of modem sdence. 
We no longer speak of a centre of vital activity, for we 
know that there are myriads of centres. It is therefore no 
longer surprising to us to know that a part of an organ may 
be destroyed without the function of that organ disappear- 
ing ; for this is no more than a regiment's continuing the 
battle when its ranks are thinned. If the officers are shot 
down, the regiment will be dispersed, and each soldier will 
then have to shift for himself; in like manner, if certain 
regulating parts in the mechanism of the organ be destroyed, 
the function of that mechanism will disappear, and the 
individual cells be left to themselves. Thus a man may 
have an abscess in his liver, which will not prevent the 
cells of the other unaffected parts of the liver from secreting 
bile, and pouring it through the gall-duct ; but an abscess 
in the gall-duct Wj)uld prevent the function of the liver, 
though it would not interfere with the property of the liver- 
cells to secrete bile. A man with half a lung will continue 
to breathe by means of the half which is unaffected : he will 
not breathe so vigorously as he did when his lungs were 
sound ; the amount of oxygen he can respire will be of 
course diminished in proportion to the diminution of the air- 
cells ; but so long as the air-cells remain, and the respiratory 



THE THBEE LAWS OF LIFE. 359 

mechanism is in action, the breathing function will continue. 
The student will do well to familiarise his mind with the 
distinction between the life of the parts and the life of the 
whole ; and to discriminate between those phenomena which 
depend upon the individual parts, and those which depend 
upon the mutual relations of the parts — in other words, 
upon the vital structures, and their mechanism. 

We have previously stated that there are three cardinal 
characteristics distinguishing organic from inorganic beings. 
1°, 7%e Law of Nutrition, the most fundamental of all vital 
laws, since in virtue of it the animal continues to exist as an 
active organism, and increases from infancy to maturity. 
2°, The Law of Development, or Differentiation, which 
causes the organism to pass through the definite cycles of 
change, constituting what we call Ages, and leading inevi- 
tably to the final change, which we call Death. 3°, The 
Law of Reproduction, another aspect of the first law, in vir- 
tue of which the organism gives birth to similar organisms, 
and thus the lamp of life is handed on from generation to 
generation. 

To no inorganic existences can these three cardinal char- 
acteristics be assigned. When inorganic bodies are said to 
grow (" mineralia crescunt,^^ LinnsBUs), their growth is that 
of mere aggregation, one part adhering to another similar 
part. The growth arises from no internal necessity, as in 
organic bodies. The bulk is not increased by a process of 
assimilation, which converts the unlike into the like, which 
makes foreign substances homogeneous — minerals do not 
feed, they cohere. Nor have they any Development : they 
pass through no definite cycles of change : they have no 
stages of growth, no Ages. Reproduction is equally im- 
possible to them. 

Thus, by exclusion, we arrive at a description of the 
three great special characters of living beings : Growth, De- 
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velopment, and Reproduction. It is obvious that the phe- 
nomena of beings so markedly distinct from all other beings, 
must have a corresponding speciality, and must be studied 
in themselves. Without calling in the delusive aid of a 
Vital Principle, we may insist on the fact that vital phe- 
nomena are peculiar, special, unlike the phenomena of in- 
organic beings, and must be studied with constant recollec- 
tion of this peculiarity. 

IV. Vegetal and Animal Life. — Since the time of 
Bichat, physiologists have universally accepted the classifi- 
cation proposed by that brilliant thinker, ranging all vital 
phenomena under two heads : 1°, Organic, or vegetative 
life ; *2°, Animal, or relative life. The first is common to 
Plants and Animals; the second is peculiar to Animals. 
The vegetal phenomena of growth, development, and decay, 
comprise the whole vitality of the Plant ; but over and 
above these the Animal manifests the phenomena of relative 
life, so called because the animal is brought into active re- 
lation with the external world. " Cast your eyes," says 
Bichat, " on individuals of the two kingdoms, vegetable and 
animal ; you will see that the one has only an internal life, 
its relations with the exterior being only those of nutrition 
— it is born, grows, and perishes, fixed to the spot where 
the seed was deposited ; the other unites, to this internal 
life, an external life which establishes manifold relations 
with surrounding objects — the animal is thus led to ap- 
proach or avoid objects according to its desires or its fears." 

Although open to criticism, this classification is so con- 
venient that it has been adopted ; and we may therefore 

* To avoid the equivocalness and awkwardness of vegetable and vegetative, 
Mr. Spencer has suggested to me the term vegetal as being at once distinctive, 
and correlative with animal: we may thus say vegetal, and vegetality, as well as 
animal, and animality. I am the more disposed to adopt this suggestion be- 
cause vegetal is a true English word, not unfrequcntly used by our old ■writers, 
especially the Elizabethan dramatiet:*. 
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speak of vegetal functions, and animal functions, of vegetal 
and animal life, without fear of equivoque. But some of 
BicMt's other systematic views are less acceptable. For 
example, I think he was singularly unfortunate in his ana- 
tomical generalisation, that all the vegetal organs are single 
and unsymmetrical : a very slight examination of this point 
will disclose its inaccuracy. The parotid and sublingual 
glands, the lungs and breasts, the kidneys and testes, are 
all vegetal, and all double and symmetrical — ^and if the 
heart and the uterus seem to be single, every anatomist 
knows that they are as truly double as the cerebrum, or the 
spinal chord ; and although there are certain irregularities 
which Bichdt has pointed out — ^in the disposition of the 
bronchi, for example — there are irregularities as great in 
the cBsposition of nerves ; and even the brain itself, so con- 
fidently relied on by Bichat, is far from perfect in its sym- 
metry — ^nay, Bich4t's own brain was remarkable for the 
difference in its two halves. 

Not less unfortunate is the physiological generalisation 
Bich4t propounded in the celebrated Law of intermittencey 
characterising animal life, and the Law of continuity^ charac- 
terising vegetal life. This generalisation has been accepted 
as indisputable ; let us subject it to a brief scrutiny. All 
the relative, external functions are intermittent — all the 
vegetal, internal functions are continuous : that is Bich^t^s 
position. In contradiction to this, I affirm that the vegetal 
functions are intermittent, as well as the animal functions ; 
and that the only processes which can be called strictly con- 
tinuous are those processes of molecular change — of com- 
position and decomposition — on which existence depends. 
Let us see which position best covers the facts. It is true 
that animals require rest after exertion, and sleep, after some 
hours' waking ; this intermittence is caused by an exhaus- 
tion of the bodily energy, as we have already endeavoured 
32 
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to indicate.* But that this intermittmce is not exclusiyelj 
animal, may be seen in the equally &miliar facts that the 
vegetal function of digestion is not less periodical ; that the 
vegetal functions of generation and lactation are equally in- 
termittent. A certain time is required to form the gastric 
juice, and during this interval the function of digestion is 
impossible. It is the same with all other functions. Nay, 
even secretion itself is not wholly continuous : the glands 
are not constantly in action ; as we now know from Ber- 
nard's discovery respecting the colour of the venous blood 
flowing from them.f The function of respiration may per- 
haps be said to be continuous, because its intermittenoe is 
so brief and regular ; the same also may be said of the cir- 
culation ; the rapidly intermittent propulsions of the heart, 
and the continuous processes of molecular change — i& the 
capillaries--^on which circulation depends, ^ve it a oertain 
continuity. But if we except these, all the vegetal functions 
are obviously intermittent : on the other hand, the animal 
functions have scarcely more claim to intermittenoe ; since 
even if we suppose that the brain is ever wholly at rest, in 
sleep — of which there is neither evidence nor probability 
(see p. 313) — absolute repose for the nervo-musoular ap- 
paratus is impossible, so many of the vital functions being 
dependent on this apparatus. The only approach to a gen- 
eralisation which seems to me warranted is this : that the 
vegetal functions are more uniform and rhythmic in their 
activity, because the conditions and stimuli are more uni- 
form than is the case with the animal functions. The con- 
ditions of secretion, and the stimuli to the functions of 
breathing, &c., are more uniformly present than the con- 
ditions of thinking or moving ; and the stimulus is less ex- 
hausting, therefore less time is required for the reintegration 
of the molecular condition necessary to activity. 

♦ Bee p. 804. ♦ See vol. 1. p. 219. 
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v. LiFB IN RELATION TO THE EXTERNAL MeDIUM. ^Tho 

error, long dominant, and not even yet entirely effaced, 
which made men conceive Life in itself as something unre- 
lated to, and wholly independent of, the external medium, 
was consecrated by the doctrine of a Vital Principle ; and 
yet the facts which plainly spoke against such a conception 
were familiar facts, although their bearing was misunder- 
stood. Every hour men must have been aware that very 
slight changes in the external conditions rendered the mani- 
festation of life impossible ; a little more carbonic acid, or 
a little less oxygen, a little more heat or cold, a little less 
pressure of the atmosphere, a deficiency of water or of food, 
sufficed to extinguish life, as a lamp is extinguished when 
the oil disappears. Every one knew that, ascending a 
mountain, certain classes of animals and plants gradually 
disappear, a new fauna and flora occupying the higher 
districts ; so that, all the world over, the same species of 
plant will be found at the same heights above the sea-level, 
and only these. As we walk down upon the shore at low 
tide, we find different species inhabiting distinct zones : those 
which live in deep water being unable to bear the temporary 
exposure which is daily borne by those which live nearer 
the tide-mark. 

And yet in spite of this knowledge of the constant influ- 
ence of surrounding conditions on the vital manifestations — 
in spite of the knowledge that vital phenomena are exalted 
or depressed, called into existence or entirely destroyed by 
the Influences of light, heat, pressure, moisture, gases, &c., 
men have gone on asserting that Life is independent of ex- 
ternal influences, and that it has the power of controlling 
physical and chemical laws. In the present state of science 
such a conception is inadmissible ; yet in a widely circulated 
work we read that '' Life resists the effect of mechanical 
friction," and we find this amazing proposition resting on no 
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firmer basis than an example which will be read with sur- 
prise. " The friction," it is said, " which will thin and wear 
away a dead body, is actually the cause of thickening a 
living. The skin on the labourer's hand is thickened^ to 
save it from contact with hard substances." Now the €aet 
is, that the friction which wears away a dead body has pre- 
cisely the same effect on the labourer's hand : so far is Life 
from resisting this mechanical friction, that in a mudb 
shorter time than would suffice to wear away a layer of 
wood, the living skin would be rubbed bare. When with 
unaccustomed hands we ply an oar, which is the first to 
show the effects of friction — ^the oar or the handl The 
peculiarity in the case of a living body is this, that whereas 
the dead body, when its particles are rubbed off, has no 
power of replacing them, the living body has this power, 
and by its means not only is the loss repaired, but there 
may be even an increase of the original size. If a labourer's 
skin is thickened, it is because the growth of its cells has 
been stimulated, and more are reproduced than are wasted. 
We must constantly bear in mind that Life is possible 
only under the necessary conditions of an organism, on the 
one hand, and an external medium on the other. It is the 
mutual relations of organism and medium which determine 
the manifestations we name Life ; and the error is as great 
when men attempt to solve vital problems without duly 
taking all external conditions into account, as when they 
attempt to solve them without taking the organic conditions 
into account — that is, when they attempt to explain vital 
phenomena as if they were simply physical and chemical. 
The metaphysician, with his " vital forces," is as one-sided 
as the chemist with his " affinities." 

VI. Duration of Life. — Every organism has its limits 
of duration which are definite and inevitable; we cannot 
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assign these limits with precision, any more than we can 
assign the precise stature which an animal will attain ; we 
can only fix boundary marks within which the duration is 
possible ; for the rest, " the great areas of life cannot be ex- 
pressed in terms of strict measurement."* These areas 
mark the accomplishment of a series of organic changes; 
and such changes, although definite in their order of succes- 
sion, are so dependent on a variety of influences, " that they 
do not admit of being weighed in the balance, nor can the 
vital maturity which they develop be measured by the 
vibrations of the pendulum." 

These great areas of which Simon speaks are the four 
ages : 

1°. The Foetal Epoch^ or that in which the egg passes 
through its successive changes, from a single cell to a multi- 
ple of cells, and thence into a complex structure capable of 
independent existence when separated from the parent or- 
ganism, at Birth. This epoch is normally of nine months* 
duration in the human being ; thirty days in the rabbit , 
sixty days in the guinea-pig ; fifly-six days in the cat ; sixty- 
four in the dog ; one hundred and eight days in the lion ; 
twenty months in the elephant ; and so on, varying in the 
different groups. Nevertheless, although this epoch is one 
of which the limits are less variable in each group than any 
of the other epochs, we must remember that Time is only 
our conventional means of measurement; and that the 
phenomena measured are in no sense regulated by Time. 

The epoch is really determined by organic conditions, 
not by Time, and it may therefore be prolonged or shorten- 
ed by those conditions ; the foetal epoch in human life may 
last seven months, or eleven. 

2°, Infancy extends from Birth to Puberty. In this 
epoch bodily and mental development pass rapidly and 

* JoHX SiMOK : Essay on the Thymus Qland^ p. 30. 
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strikingly through their phases; but its limits are Ycty 
variable, puberty being much earlier in some oi^anisms 
than in others, and always earlier in the female than in the 
male. 

3°. Manhood is a sort of table-land of life, but its limits 
are very variable. In it the body does not increase, except 
in solidity and vigour. The balance of waste and repair is 
tolerably even. 

4°. Old Age, — ^The balance begins to lean; the move- 
ment of Assimilation slackens, and Death slowly advances. 
The limits of this epoch are the most variable of all. 

These Ages are the Cycles of Change through which 
every organism must inevitably pass, if it be not earlier 
destroyed, and they are therefore inseparable fi'om our con- 
ception of Life. We have seen how each epoch varies in 
duration, and we can understand, therefore, how the whole 
of each life will vary one from the other ; so that although 
it is possible to assign the limits for the race, this can only 
be done as an average, — we can never know what will be 
the duration of an individual life. 

And here it may be well to point out a common error 
in works which treat of Longevity, and one which is ex- 
plicitly stated by Flourens, the latest writer on that subject.* 
It is that of supposing the duration of Life to be measured 
by beats of the pendulum. We are told that the normal 
length of life for a human being is one hundred years ; and 
that if the majority of men die earlier, it is because accident, 
disease, or imprudent habits, have shortened the term. The 
argument rests on the fallacy that, because some men reach 
the age of one hundred, all men would reach it were there 
not disturbing causes (des causes troublantes) ; but inasmuch 
as these disturbing causes are part of the conditions of 
human life, inasmuch as man is dependent on the atmos- 

* Flourens : De la LongSviU Humaine, 1855. 
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phere, ou climate, and on food, and cannot escape their 
variations — to say that he would live a century were it not 
for the disturbing influences, is to say that he would enjoy a 
longer life, if life itself were otherwise ordained. One man 
lives "fester" than another; he lives more in the. same 
period. If he live imprudently at the same time, he may 
hasten the changes which will bring about Death. But the 
utmost prudence will not shield him entirely against exter- 
nal conditions ; nor will the wisest care do more than modify 
the hereditary disposition, which he brought with him into 
the world, and which will make him short-lived or long- 
lived. 

What is it which terminates Life, in the natural course 
of things 1 Seeing that the organism, like the single cell, 
has within it the power of Assimilation — the power of 
repairing its substance wasted in functional activity ; and 
seeing also that this power continues for a long period, a 
century and upwards, in some cases, why should it not be 
indefinitely prolonged? The prolongation of human life 
has been one of the dreams of the speculative, and its essen- 
tial error has been seldom perceived. Hufeland, who wrote 
a book on the art of prolonging life, refers to the fact (ques- 
tionably fact) of men having lived to the age of 150 and 
even 180 years ; and he declares that he can see no reason 
why others should not live to 200. But I can see no reason 
why he should modestly stop there. Two centuries is not 
a magical period, beyond which Life must be impossible. 
There is, indeed^ the disturbing fact of no man having yet 
reached the ,age of 200 ; but if we are to argue that, be* 
cause 150 and 180 have been reached, therefore 200 may 
be reached — we are surely entitled to argue that, if 200 can 
be reached, then 300, then 400, and so on, until some neces' 
sity be shown for the termination. 

And here we bring the question to the test. What is 
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the inherent necessity for a termination of that process of 
repair which we know the organism for a long period pos- 
sesses ? Let us first see what are the phenomena of old 
age ; they may help us to an answer. A French physician 
graphically says : ^^ Man begins in a gelatinous and termi- 
nates in an osseous condition." The processes of Life induce 
changes in the structure which gradually impede its func- 
tions. '^ The great characteristic of all the changes/' says 
Dr. Van Oven,* which gradually occur from early to ex- 
treme old age, is consolidation^ a diminished plasticity and 
mobility of parts, increased firnmess of structure, and di- 
minished bulk : interstitial fat is then absorbed ; the muscles 
become stringy and fibrous, and at their terminations liga- 
mentous; cartilages become bony; bones lose their can- 
cellous structure, and become merely solid masses, whilst 
the blood-vessels are diminished or obliterated. The coats 
of the arteries become harder, and lose their tonicity ; many 
of the smaller trunks are obliterated, whilst, however, the 
veins have become larger and more dilatable than they 
were in early life ; perspiration is nearly at an end, for the 
skin has become harsh and dry, wrinkled and discoloured ; 
and even, as in the vegetable world plants as they grow 
older become more and more woody, and the sap traverses 
only the larger vessels, so too in the old man the circula- 
tion is carried on only by the larger trunks, and hence the 
whole body becomes thinner, firmer, more harsh, more dry, 
and loses strength and mobility, and the power of repairing 
injured or regenerating lost parts. The muscular system 
has become so weak as to be almost useless. The once 
powerful man, now unable to stand erect, stoops ; the 
shoulders are raised, and the head falls forward. In walk* 
ing, the spine is much curved ; the aid of a strong stick or 
an able arm is required to keep the body in equilibrium ; 

» Vaw Ovbji ; On the Decline qfLi/9» 
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the step is tottering and uncertain ; the hands are unable to 
grasp any object firmly — they tremble in a palsied manner 
if the attempt be made, and the command over the par- 
ticular fingers is very uncertain." 

In this picture of old age, some points of which may be 
questioned, we see plainly enough that very important 
structural dianges must have occurred in the organism ; 
the source of these changes lies in the very nature of the 
nutritive process itself. If the Repair were always identical 
with the Waste, never varying in the slightest degree, Life 
would be only terminated by some accident, never by old 
age. But the Repair is never thus nicely balanced with 
the Waste. Moreover, in Food we are consantly intro- 
ducing different substances, which produce variations in the 
composition of the Blood, and variations in the nutrition of 
the parts. These differences accumulate their influence in 
those changes named the Ages, and they culminate in the 
final change, named Death. The cellular mass becomes 
differentiated into various tissues; these in turn become 
differentiated as they grow and act ; and thus it may be 
said that the very processes of Life bring with them a 
gradual deposition of Death. 

That Death is really and truly the inevitable residue of 
the activity of Life, and that its approach is determined by 
the rapidity with which developmental changes take place, 
is proved by the experiments of Reaumur on insects. He 
shows * that the duration of an insect's existence may be 
prolonged twofold, nay fourfold, beyond that of its species ; 
or, vice versd, it may be abridged, without doing it any 
other injury whatever, simply by retarding, or accelerating, 
those stages of metamorphosis, by which it must pass to 
complete its career. In Kirby and Spence's delightful 

* BAavmub : Mimoirea four aervir d Phiet. da JnaecteSf vol. ii. ; prefieuse, 
p. 2. 
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work we read: " The aphidivonis flies live in the larva 
state ten or twelve days, in the pupa state about a fort- 
night, and as perfect insects possibly as long, the whole 
term of their existence in summer not exceeding at Uie very 
utmost six weeks. But one which I put under a glass on 
the 2d June 1811, when about half grown, and, afler supply- 
ing it with aphides once or twice, by accident forgot, I 
found, to my great astonishment, alive three months after ; 
and it actually lived till the following June without a 
particle of food. It had therefore existed in the larva state 
more than eight times as long as it would have lived in all 
its states, if it had regularly undergone its metamorphoses, 
which is as extraordinary a prolongation of life as if a man 
were to live 560 years." * At the moment of writing this,f 
I have the tadpole of a Triton, which was taken last autumn 
from a pond, and kept in a glass vessel of water through 
the whole autumn and winter in a very oold place ; it has 
remained all this while untransformed ; and its ^' infitncy,'* 
instead of having a duration of a few days, has been pro- 
longed over many weeks. 

Now it is clear that the causes which determine the 
acceleration or retardation of Development — ^which make 
each epoch of Life longer or shorter — ^must be also those 
which prolong or shorten Life itself. In other words, Death 
is determined by the metamorphoses of Life. And thus, 
in a certain sense, those philosophers are justified who teach 
that every organism has an allotted amount of vitality, 
which it may expend in a shorter or a longer time, but 
which it cannot increase. We can no more live our Life 
and keep it, than we can eat our cake and keep it. 

In England one person in every 3100 reaches the age 
of 100. Some small minority exceed the hundred years, 

* KiRBT and Spsnce : Introduction to Entomology ^ ed. of 1856, p. 225. 
t January 1859. 
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and cases of 150 and even of 180 are dted, but the evidence 
for them seems questionable. Respecting the numerous 
cases of long-lived people, so ofb^i spoken of, it is to be 
observed that wherever a registration of births has been 
established, such marvellous examples never appear. In 
Sweden and Norway we have a striking illustration of this. 
In one country the cases of men living to 120 and 140 are 
said to be frequent ; in the other they never occur. In the 
one country there are no official documents to test the age 
of the people ; in the other there is sudi a test. 

I do not assert that there never has been an example of 
human life prolonged even to 180 years. Let such an ex. 
ample be authenticated, and the physiologist will no more 
see reason for surprise, than at the child remaining eleven 
months in the womb, or commencing its teething at two 
years; for the physiologist knows that Time itself is 
not a factor in the sum — is not a condition of Life ; it is 
only a mode we adopt of measuring changes. But until 
such an example is authenticated, we may reasonably be 
sceptical. 

VII. Death. — ^We have seen reason to consider Death 
as the closing scene of a successive series — the terminal act 
of Life ; not therefore as an antagonist of Life — a negative 
which destroys a positive — a darkness which shrouds up a 
light ; but the dSnouement of the drama, inevitable, and in- 
dissolubly linked with all that has constituted Life. Death 
is a newA>irth : with it certain forms of existence are com- 
pleted, and certain others are commenced. It is the destruc- 
tion of the organic unity y and consequently of the phenomena 
which were dependent on that unity. This definition seems 
preferable to that which says, " Death is the cessation of 
the functions of life ; " for that cessation may take place in 
an organism still capable of life, and therefore not dead. 
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The congealed frog^ and the dried rotifer, exhiMt none of 
the functions of life ; yet they are not dead ; the unwound 
watch is silent, but it is not destroyed. 

As there is Life of the parts, of the cells, and of the 
whole organism ; so likewise is there Death of the parts, of 
the cells, of the whole organism. In each case the destruc- 
tion of the organic unity brings a cessation of the organic 
functions. 

1°. Death of the Parts. — ^The life of the cell depends 
upon a twofold movement of composition and decomposi- 
tion, of assimilation and disintegration, of repair and waste. 
In the first of these movements there is union of elementary 
principles, and growth of the substance of the cell ; in the 
second movement there is separation of elementary princi- 
ples from the existing substance, and this is decay ^ or Death. 
Thus indissoluble are Life and Death. 

Molecular death, or waste of substance consequent on 
vital activity, is incessant ; but tlie organism lives on, sur- 
viving this death of the organs, as the nation survives though 
men perish daily. 

2°. Death of the Organism, — Although differing only in 
unessential particulars, there are three heads under which 
all forms of death are classed : 1. Natural death ; 2. Acci- 
dental death ; 3. Death from disease. It is clear, however, 
that whether the interruption of the vital manifestations 
arise from the gradual decay and obstruction which is 
brought about by old age, by disease, or more suddenly by 
wounds and poisons ; in each case Death results from the 
interruption of that relation between the several parts of 
the vital mechanism, which brought all its units into active 
unity, making each play into the other. In old age this in- 
terruption comes on gradually. The old man dies in detail ; 
his functions dwindle ; his senses grow one by one less ac- 
tive, and many ordinary causes of sensation cease to afiect 
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him. In disease the interruption is rapid ; still more so in 
fatal accidents. 

Yet, although the organism may be dead, many of the 
oi^ans may be living : the interruption may have taken 
place, and the unity be destroyed, but the units are not de- 
stroyed. Hours afler a man is dead, his muscles live, and 
will contract ; his glands live, and will secrete ; his heart 
lives, and will beat ; his stomach lives, and will digest.* 
Beard, hair, and nai]s will grow, and cut surfaces grow to- 
gether. M. Gerdy says that the head rolling on the scaffold 
is not dead, for the features can be made to contract, as in 
horrible passion, twelve or fifteen hours after decapitation. 
Dr. Ure experimented on the body of a 'man who had been 
hanged, and frightened the spectators by the sight of this 
corpse starting up, its features convulsed as with passion 
and terror, when a powerful galvanic battery was applied. 

On the other hand, many of the parts may be dead while 
the organism continues to live. In disease and wounds this 
is constantly the case. The negroes on the African coast 
frequently begin to putrefy at their extremities before death 
comes on — ^their limbs rotting, while heart, lungs, brain, 
and stomach, are active. 

VIII. Apparent Dkath. — It is of the first importance • 
that we should be able to discriminate real from apparent 
death ; and that we should have some simple memorable 
indications which may preserve us from those fearful mis- 
takes of " buried alive," common enough in ancient times, 
and not wholly imknown in our own. 

Writers on this subject are fond of citing the case of 
Francois Civille, a Norman gentleman of the days of Charles 
IX., who described himself as having been " thrice dead; 

* In certain flahes, digestion will continue twenty-foor hoars after death— 
Ohas. RoBnr : Mimoires de la SociiU de Biologic, vol. v., p. 134. 
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thrice buriod, and thrice resuscitated by the grace of Grod.'' 
Winslow, the famous anatomist, is said to have been twice 
buried. If many of the reputed dead have awakened from 
their lethargy in time, there is a frightful suspicion that many 
others did not awake in time. It is easy to say tliat only 
culpable ignorance, and culpable carelessne»s, can in our day 
permit such mistakes ; but I find an authentic case so late 
as 1843, in France, in which a beggar was found drunk, on 
the road to Nantes, and was mistaken for dead ; all prep- 
arations for burying him were made, when those who oame 
to carry him away were startled by his opening his eyes, 
shaking himself, and asking where he was 1 Nay, so late 
as 1849, the French Academy accorded a prize of 1500 
francs to the essay of M. Bouchut,* the money having been 
furnished by a philanthropic professor at the University of 
Rome, P. Manni. 

The definition of Death which I have proposed, furnishes 
the real clue in every case. The common notion that Death 
is the cessation of the vital functions, is no guide. It does 
not discriminate between Letliargy and Death. Those who 
were buried alive gave no sign whatever of Life ; and except 
one little detail, which will presently be noted, there was 
nothing which could lead by-standers to the suspicion that 
a corpse was not before them. 

Mr. Braid, in his Observations on Trance^ has collected 
examples of the Indian Fakeers, which seem tolerably au- 
thenticated. " In one of these vouched for by Sir Claude 
M. Wade, the Fakeer was buried in an underground cell, 
under strict guardianship for six weeks ; the body had been 
twice dug up by Runjeet Singh during the period of inter- 
ment, and had been found in the same position as when first 
buried." In another case narrated by Lieutenant A. Boileau 

♦ Bouchut : Traiti dea aignes de la inort et des moyena de privenir lea enierrw- 
menta primaturda. 1849. 
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in his Narrative of a Journey in Bajuarra^ 1885, '' the man 
had been buried for ten days in a grave lined with masonry, 
and covered with huge slabs of stone, and strictly guarded ; 
and he assured Lieutenant B. that he was willing to submit 
to an interment of twelve months' duration, if required. In 
a third case, the trial was made under the direct superiur 
tendenee of a British officer, a period of nine days having 
been stipulated for on the part of the devotee ; but this was 
shortened to three days at the desire of the officer, who feared 
lest he should incur blame if the result was fatal. The ap- 
pearance of the body when first disinterred is described in 
all instances as having been quite corpse-like, and no pulsa- 
tion could be detected in the heart or arteries. The means 
of restoration employed were chiefly warmth to the head, 
and friction to the body and limbs." 

Let us now glance at the various signs of Death, and 
estimate the value of each. 

1°. The cadaverous aspect of the fa/ce^ familiar to every 
one, is by no means a certain characteristic, since it is ob- 
served in persons much exhausted by chronic maladies; 
and, moreover, it is not observed in persons who have died 
from accident, or from acute malady. 

2°' The coldness and lividness of the skin are very 
equivocal. Those who die from chronic maladies or violent 
bleeding rapidly become cold ; but those who die from as- 
phyxia are a long while becoming cold, nor does the body 
lose its tints for many hours. I have already noticed sur- 
prising cases of the body retaining its warmth many hours 
after death.* 

3°. Rigidity of the limbs is one of the most reliable 
signs. It is always observed sooner or later : sooner in 
those weakened by old age, or long illness, than in the 
young, or in those who perish from accident, and in those 

♦ See voL i. chap. vll. p. 859. 
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sufibcated, especially those suffocated by carbonic acid. It 
persists generally twenty-four to thirty-six hours ; but the 
causes which retard its first appearance prolong its duration ; 
for instance, after suffocation by carbonic acid it does not 
come on till about fifteen hours after death, and lasts several 
days if the air be at once cold and dry. This cadaveric ri- 
gidity is to be distinguished from the rigidity of congelation, 
and from that convulsive rigidity produced by certain ner- 
vous states : in the first case a limb or finger is heard to 
crick when bent — ^which is said to arise from the breakage 
of little congealed masses ; in the second case, the bent limb 
returns to its original position when the force which bent it 
is removed, whereas in the dead body a limb once bent re- 
tains that position. 

4°. Cessation of the Respiration and Circulation, — It is 
worthy of remark that all the ordinary means of ascertain- 
ing whether the heart has ceased to beat, and the lungs to 
act, have little scientific value. You may fail to detect the 
slightest pulse at the wrist, temple, or chest. You may 
place a bright mirror before the mouth, and it will not be 
obscured ; you may hold a flame before the mouth, and it 
will not flicker ; you may place threads, or down, on the 
lips, and there will be no stir ; yet the patient may be liv- 
ing. Nevertheless it is tolerably certain that, in the higher 
animals at least, actual cessation of the circulation must, if 
prolonged, be regarded as the sign of death. How then to 
establish the reality of this cessation? M. Bouchut says 
there is but one test, and that is infallible — namely, ausculta- 
tion. By the aid of the stethoscope the circulation can be 
heard, when it can be detected by no other means. In the 
Report of the Commission appointed by the Academy, this 
cessation of the heart's action, as detected by the stethoscope, 
is considered to be the infallible sign of death — and the time 
which this cessation must be observed may be estimated at 
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five minutes. If during five minutes no sound whatever be 
heard, the certainty of death may be relied on. 

Taken in conjunction with cadaveric rigidity, this last 
sign may be said to furnish a positive assurance of Death. 
But in cases where the stethoscope cannot be applied, oi* 
where no skilled practitioner is present to apply it, there is 
one other sign — namely, Putrefaction. This cannot be mis- 
taken. It manifests itself at first as a blue-green tint over 
the skin, especiallt/ about the abdomen, and soon spreading 
all over the body. This sign, if preceded or accompanied 
by cadaveric rigidity, can be relied on as infallible. 



CONCLUSION. 

And now, reader, we have reached the end of our toilsome, 
but, let me hope, not profitless journey. There are many 
other questions of interest and importance which the physi- 
ologist has to study, but they do not fall within the range 
of common interests, and must therefore be omitted from 
these pages. My object was thus explained in the original 
prospectus : — 

" No Scientific subject can be so important to Man as 
that of his own life. No knowledge can be so incessantly 
appealed to by the incidents of every day, as the knowledge 
of the processes by which he lives and acts. At every mo- 
ment he is in danger of disobeying laws which, when dis- 
obeyed, may bring years of suffering, decline of powers, 
premature decay. Sanitory reformers preach in vain, be- 
cause they preach to a public which docs not understand 
the laws of life — ]aws as rigorous as those of gravitation or 
motion. Even the sad experience of others yields us no 
lessons, unless we understand the principles involved. If 
one man is seen to suffer from vitiated air, another is seen 
to endure it without apparent harm ; a third concludes that 
* it is all chance,' and trusts to that chance : had he imder- 
stood the principle involved, he would not have been left 
to chance — his first lesson in swimming would not have 
been a shipwreck. 

" There is a daily increasing desire for scientific knowl- 
edge. Science passes from its laboratories into the public 
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thoroughfares. But although thousands are now anxious to 
understand the chief physiological laws, the majority cannot 
overcome their invincible repulsion from anatomical details. 
Many would rather remain ignorant than gain knowledge 
through such paths. It is believed by the Author of the 
proposed work that a clear and accurate conception of the 
chief physiological laws, sufficient for ordinary practical 
guidance and for scientific culture, may be impressed upon 
the mind, and illustrated by memorable facts, without once 
appealing to atiatomical knowledge. It will be his object to 
expound principles rather than to teach a science ; and these 
principles will be illustrated by the most striking facts 
hitherto ascertained. Assuming the position of a lecturer 
addressing a miscellaneous audience, he will imagine that 
beside the Medical Student there sits an intelligent Artisan 
— ^beside the Man of Letters sits the Mother of a family ; 
and he will endeavour to be intelligible and interesting to 
all, while reproducing the latest discoveries of European in- 
vestigators, and the results of original research^ 

How far this object has' been attained, the reader must 
judge ; but I have received such cheering and generous en- 
couragement from the profession and the public, during 
the course of monthly publication, as fully to repay the 
great pains and labour bestowed on the work ; and 1 now 
part from it, and the reader, with reluctance and regret. 



i 



INDEX. 



Abd-el-Kader on the breeding of the 
Arab horse, ii. 327. 

Abflorbentfl or lymphatics, see Lym- 
phatics. 

Absorption not nniversally a part of 
digestion, i. 156. 

Abstinence, power of, among the 
lower animals, i. 10 * the effects of 
partial, 16, 17 ; its effects on animal 
temperature, 351. 

Acardiao births, cases of, i. 262. 

Accidents, hereditary transmission of, 
li. 319. 

Accidental death, what, li. 372, 373. 

peculiarities, hereditary trans- 
mission of, ii. 318. 

Acid, effects, &c., of the. In the gastric 
jaice, i. 170. 

Acids, value of, as alimentary prin- 
ciples, 1. 120 : free, In the gastrin 
juice, 166, 167. 

Actiniae, influence of light on the, li. 
274. 

Activity, hunger a stimulus to, 1. 2. 

Acanapendente, Fabrloe d*, the valves 
of the veins discovered by, i. 247, 240, 
250. 

Adipose tissue, proportion of fat In, 1. 
61. 

After-tastes, examples of, ii. 258. 

Ago, relation of, to animal heat, 1. 344 
et seq. See also Old age. 

Air. Importance of fresh and danger 
of impure, 1. 284 et seq. ; vital, the 
composition and properties of, 286 ; 
quantity of, Inspirea and expired, 
297 ; alteration of it In respiration, 
298. 

Air cells, the, in the human lungs, 1. 
296. 

Albinos, light colour of the black pig- 
ment of the eye In, ii. 281. 

Albumen, how classed by Liebfg, 1. 57 ; 
Incapable of supporting life by itself, 
65, 66 ; discovery of Mulder regard- 
ing vegetable, 92 ; experiments on 
injection of, 95; as an alimentarv 

!)rinciple, 99 et seq. ; proportion of, 
n various substances, 99 ; in vege- 



tables, 100 ; power of the organism to 
form, 107 ; coagulation of. In flesh, 
124 ; action of the stomacn on, 169 ; 
action of bile on, 181; proportion of, 
in blood, 213. 

Albuminous principle, necessity of, in 
food, i. 97. 

substances, refutation of Lie- 

bi^s view regarding, i. 60, 61; shewn 
to De heat-producers, 73 : their rapid 
destruction within the rx)dy, 74, 75 ; 
their instability, 104 ; action of the 
gastric juice on, 167 ; Influence of fat 
on digestion of, 171 ; amount dissolv- 
ed by the gastric juice, 174 ; results 
of stomachic action on, 174 ; action ot 
the pancreatic juice on, 183. 

Alcohol as an alimentary substance, i. 
114 ; its action concentrated and di- 
luted, 115 ; its dangers, 117 ; its phy- 
siological action, ib. 118, 144; the 
alleged effects of, on the blood, 311. 

Alimentary canal, digestion the func- 
tion of the, i. 157. 

principles, the various, 1. 98 e< seq. 

" substances, what, 1. 47 ; influ- 

ence of the body itself on, 51. 

Alkalis, influence of, on the gastric 
iulce, 1. 172. 

Almonds, oil in, i. 109. 

Ammonia, Influence of, on the coagu- 
lation of the blood, 1. 211. 

Amoeba, the, and resemblance of the 
blood corpuscles to it, i. 203. 

Amphloxus, peculiarity of cerebral 
development of, 11. 83: probable part 
played by the spinal cnord in, 227. 

Amputation, sensation referred to the 
part removed after, li. 250, 251. 

Anaesthetics, the value of, 11. 130. 

Anatomical connection determines 
functions, li. 47. 

Anatomist, views of the, on muscle, 
contrasted with the chemist's, 1. ^ ; 
and on blood, 63. 

Anatomy, general, what, 1. 8; sclen* 
tlfic process of, as regards the study 
of lifo, Sui.j and the argument£ 
against it, ii. 79. 
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Ancients, varieties of food among the, 
i. 43. 

Andereson on the effects of thirst, i. 27. 

Andral on the effects of disease on the 
cerebellum, ii. 114. 

Anemone nemoro«a, how its odonr 
affects different persons, ii. 267. 

Animals, consumption of water by dif- 
ferent kinds of, 1. 38 ; on the applica- 
tion of Liebig's classification to their 
feeding, 59 ; Lawes and Gilbert's ex- 
periments on feeding, 75, 76 ; nutri- 
tion in, fallacy regarding it, 78 : al- 
leged incapability of their assimilat- 
ing inorganic substancei}, 79; these 
indispensable to them, 80 ; influence 
of their respiration on air, 286 ; 
withdrawal of oxygen from the air 
by them, 319 ; varieties as regards 
respiration in, 321 ; temperature of, 
328 ; the distinction of, into warm 
and cold-blooded, 835; experiment- 
ing on live, defended from charge of 
cruultv, ii. 38 note ; nervous systems, 
&c., of the lower, 45 ; systemic con- 
Bciouflness in these, 70; alleged de- 
pendence of sensation on the brsdn 
in, 78 ; relative weight of the brain in, 
89 ; sensation in headless, 154 et aeq. ; 
spontaneous movements in bram- 
less, 160, 161 et seq. ; the ground on 
which feeling is assumed on behalf 
of them, 203 ; this proof equally ap- 
plicable in case of decapitated, ib. ; 
manifestations and presumed origin 
of spontaneity and choice, 204 ; ex- 
periments and decapitated, showing 
spontaneity and choice, 205 ct seq. ; 
the sleep of, 291 ; permanency of 
breed of, 315 ; colours and spots 
transmitted in, 318. 

Animal body, amount of waste fatal to 
the, i. 8. 

diet, not always strength-giving, 

i. 98. 

effluvia, density and slow dif- 
fusion ot* ii. 267. 

food, cases in which poisonous, 



i. 48 ; arguments in favour of, 141. 
heat, production of, as a source 



of waste, i. 14 ; relations of respira- 
tion, &c., to, 368. See also Heat. 

life, what, as distinguished 



from vegetable, ii. 360 ; or relative 
life, Bich&t's, ib. ; peculiar to ani- 
mals, ib. ; its organs not invariably 
symmetrical, 361 ; the so-called law 
of intermittence as characterising, 
ib. 

Animal organs, the, said to be given 
by the male. ii. 327, 333. 

sensibility, the so-called, ii. 68. 

— — " spirits, the old hypothesis of, ii. 
14k 

Animaloules, animal heat of, I. 334. 

Anterior nerves, muscular sensibility 



derived throned the, ii. 80; their 
eensorv function, 40. 

Antipatny, cases of, aa r^^rds food, i. 
48. 

Aorta, the, i. 239: its position, 187, 
259 ; effect of tybg it, 226 : in the 
fish, 263. 

Aplysia, action of the intestinal Juice 
in the, i. 186 ; its nervous system, it 
45. 

Apparent death, cases and phenomena 
of, ii. 373. 

Appetite, the first gradation of hun- 
ger, i. 3; periodicity of its recur- 
rence, 5 ; the sensation of, 22 ; in- 
crease of, with cold, 140. 

Appetites, origin of, in sygtemic sensa- 
tions, ii. 105. 

Apricot, sugar in, i. 112. 

Aqueous humour of the eye, the, ii. 
276. 

Arab horses, influence of each parent 
in the breeding of, it 827. 

Arbor vitSB, the, in the brain, iL 81. 

Aroet, M. d*, his process for extraction 
of gelatine, i. 105. 

Aristotle, definition of life by, 11. 856. 

Arnold, Prof., opposition of, to Sir 
Charles BelPs views, it. 83 ; experi- 
ments on the posterior nerves, 86. 

, criticisms of, on Manhall 

Hall's observations, ii 164 ; his woife 
^B^ainst the refiex theory, and views 
on the spinal chord, 197. 

Arterial blood, change of, to venons. 
i. 196; distinetion between it and 
venous, 215 ; views of the ancients 
regarding it, 241. 

bulb, the, in the flsh, i. 268, 

Arteries, belief of the ancients regard- 
ing, i. 241 ; origin of their name, ib, ; 
discovery of Galon r^ardlng, ib, ; 
their valves, 251 ; rate of the oironla- 
tion in them, 266 ; their action. 273. 

Ascidian, nervous system of the, ii. 
45. 

Aselli, discovery of the lymphaties by, 
i. 256. 

Asphyxia, see Suffocation. 

Ass's milk, caseine in, i. 101 ; fkt in, 
109. 

Assimilation, process of, within the 
organism. 1. 42: necessity for, as 
regards the food, 95 ; assumed to go 
on chiefly during sleep, ii. 801 ; a 
continuous process, 302. 

Association of ideas, influence of, aa 
regards voluntary and involuntary 
actions, ii. 177. 

Astloy, Mr., taming of wild animals by 
thirst, i. 31. 

Atavism, what, and phenomena refer- 
able to It, ii. 338. 

Atmosphere, how its balance la re- 
stored, i. 819 ef aeq. 

Attention, relations of, to Bensati<m, iL 
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60; difference between it and oon- 
BciouBness, 62. 

Auditory nerve, the, ii. 268. 

Auricles, the, i. 231 ; in the fiah, 263. 

AuBcnltation, importance of. for deter- 
mininif the reality of death, ii. 877. 

Austria, horse-flesh used in, i. 132. 

Austrian Up, the, a case of hereditary 
transmission, ii. 318. 

Automatic action, relations of, to sen- 
sation, ii. 66. 

Baohs, the congenital musical genius 
of the, ii. 836. 

Back, tactile sensibility of the, ii. 261. 

Baden, sale of horse-flesh in. i. 131. 

Baillai^r, M., conclusions or, regarding 
the white and gray matters of the 
brain, ii. 89. 

Bain, Mr., on volition, and on voluntary 
and involuntary actions, ii. 180, 181 
et seq, ; on respiration, 237 ; on the 
musical note, 272. 

Bakewell, value attached to the ewe 
by, ii. 832. 

Baking, action of^ on meat, i. 126. 

Baly, Dr., case of partial loaa of sensa- 
tion fh>m, and examination of infer- 
ences fh)m it, ii. 223 ; on the excita- 
tion of taste by mechanical stimuli, 
265. 

Barclay, Captidn. command over sleep, 
possessed by, il. 298. 

Bardeleben, experiments by, with salt, 
i. 116. 

Barley, albumen in, i. 100 ; gluten in, 
103. 

meal, sugar in, i. 112. 

Bartholin, discovery of, regarding the 
lymphatics, i, 267. 

Bathing, effects of, on thirst, i. 28. 

Beans, nitrocen in, and their nutritive 
value, i. 66 ; gluten in, 103. 

Beaumont, Dr., on the cause of the 
sensation of hunger, i. 24; on the 
influence of fats on the formation of 
bile, 110; table of digestibilitv of 
various meats from, 127 ; his obser- 
vations on the gastric Juice, diges- 
tion, dec. 163 ; on the muscular action 
of the stomach, 166. 

B^clard, definition of life by, ii. 866. 

Becquerel, hia thermo-eleotrometer, i. 
332. 

Beddoe, Dr., experiment by, on the 
flesh of the donkey, i. 138,134. 

Bee, the brain qf the. the sensibilities, 
&c., manifested by it, ii. 83, 86 ; affin- 
ity between its wings and those of 
the bird, 86; and between their 
brains, 86. 

Beef, muscle of, albumen In, i. 09 ; and 
flbrine, 100; whv more digestible 
than veal and chicken. 123 : boiled, 
roasted, &;c., time in wiiich digeated, 
127,128. 



Beer as an article of diet, i. 142; how 
classed by Liebig, 67. 

Beet-root, sugar in, i. 112. 

Beetle, the nervous system of, ganglia 
of head and body, &c., ii. 166. 

Bell, Sir Charles, the discovery of, re- 
garding the nerves, ii. 80 et acq.; 
views of, on sensation, 126,127; his 
so-called muscular sense, 238 et aeq.; 
case recorded by him illustrating it, 
242. 

B^rard, M., cases of alleged fasting 
from, i. 11; on the life-sustaining 
power of water, 16 ; on cases of ab- 
stinence fh)m liquids, 89 : on trans- 
fusion of blood, 224 ; on the alleged 
discovery of Caesalpinus, 247 ; on that 
of Harvey, i6. ; on respiration, 289 ; 
on the Bo-called olfactory nerves, ii. 
262. 

Berger and Delaroohe, experiments by, 
on animal heat, i, 340. 

Bergmann and Leuckhart, their defi- 
nition of the brain, ii. 140. 

Berlin, sale of horse-flesh in, i. 132. 

Bernard, Claude, exx)eriment by, on a 
dog, i. 38 ; experiments by, on injec- 
tion of sugar, &c., 96; on the conver- 
sion of gelatine, 108 ; discovery of the 
sugar-forming power of the liver by, 
113 note ; on the action of the saliva. 
168 : on ohymification, 168 ; parallel 
by, between the action of the gastric 
juice and l>oiling, 176 ; on the action 
of bile in the stomach, 181 : on the 
pancreatic juice, 183; the digestive 
tract from, 187, 269 ; on the lacteals. 
188 ; researches of, on coagulation of 
blood, 209 ; on venous blo<M, 218 ; on 
tiie quantity of the blood, 220 ; exper- 
iments by, on vitiated air, 303 ; on 
respiration, 309; and on carbonic 
oxide, 312 ; exi)eriments of, on com- 
bustion and respiration, 316 ; experi- 
ments of, on the nerves, ii. 22 ; hypoth- 
esis of, respecting the nerves, 40 ; on 
sensibility, 68 ; on the action of the 
Woorara poison on the nerves, 74; 
experiment on a frog by, 220 ; case 
fh>ra, of sense of sm^ in absence of 
olfactory nerves, 263 ; on the relation 
between these, 264. 

Berths, classification of oils by their 
digestibility by, i. 110. 

Betz, the musciUar action of the stom- 
ach denied by, i. 165 note. 

Beyer, case of animation in brainless 
infant recorded by, ii. 105. 

Bich&t on the tissues, i. 3 ; views of, 
on the capillaries, 254 ; and on respi- 
ration. 285 ; defiDition of life by, ii. 
856; nis classification of life, 360; 
on tne veget.<il and animal organs, 361 ; 
his laws of intermlttence and oonti* 
nuity, ib. 

Bidder and Schmidt on the amount of 
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food required, i. 8 : on the fanctlooB 
of water-in the boay, 30 ; researches 
of, on the action of saliva on starch, 
101 ; on the acid of the gastric juice, 
170 ; on the quantity secreted, 178 ; 
on the effects of fats on the hlle, 179 ; 
on the action of the intestinal jnice, 
185. 

Bile, inflnence of fats on formation of, 
i. 110 ; its action on the food, 178 ; 
action of fats and water on it, 179 ; 
part played by it. 180 et acq. ; excess 
and deficiency o^ as a cause of indi- 
gestion, 189. 

Bilharz on the hlood parasite, i. 204. 

Biliousness, alleged production of, by 
fats, i. 179. 

Biology, importance of form in, i. 91. 

Bird, the, constancy of its tempera- 
ture, i. 829 ; its wings and those of 
the bee, ii. 85 ; analogy between the 
brains of the two, 85, 86. 

Birds, power of resisting starvation 
among different classes of, i. 9 ; the 
flesh of, as an article of diet, 128 ; 
the blood discs in, 198, 200; the 
valves in their veins, 249 ; respira- 
tory organs in, 293 ; respiration and 
animal heat among, 362: the cere- 
bral development of, ii. 88 ; effects of 
the removal of the cerebellum on, 
111 ; relations of the latter to the 
vertebral column in, 113. 

Birth, cases of, without a heart, i. 262. 

Bischoff, estimate of the quantity of 
the blood by, i. 221. 

Black Hole of Calcutta, Mr. Holwell's 
narrative of, i. 31 et aeq. 

Black pigment of the eye, the, ii. 275, 
280 ; peculiarity of it in inverte- 
brates, 281 ; its importance in rela- 
tion to sight, ib. 

Blainville, M. de, on the supposed dis- 
covery of Caesalpinus, i. 246 ; defini- 
tion of life by, ii. 356. 

Blind, sensibility of the, to sound, ii. 
274. 

Blindness, congenital, its frequency, 
ii. 323. 

Blondlot, experiments on dogs by, i. 
164; on the muscular action of the 
stomach, 166 ; on chymiflcation, 168. 

Blood, effects of starvation on the. i. 7 ; 
as a food, how classed by Liebig, 
57 : different views of the chemist 
and the anatomist on, 64; propor- 
tion of salt in it, 83 ; regarded as a 
standard of food, 93 ; reasons against 
its being so, 94; experiments on 
feeding with, 95; fibrine in, 100; 
the clot. 1*6. ; iron in, 119 ; effects of 
vegetarianism on, 142 ; the function 
of digestion to make it, 156; the 
river of life, 194 ; the so-called ]puri- 
fying it, 195 ; quantity of nutritive 
matter and waste conveyed by it, 



196 ; Its weight, ib. ; its change 
tmm arterial to venous, ib. ; variety 
of substances carried by it, 197 ; the 
discs, ib. ; the colourless corpuscles, 
202 et aeq. ; parasite in it, 204 ; is it 
alive f 206: its liquid plasma, 207; 
cases in which not coagulable, 208; 
cause of the coagulation, 210 ; its 
chemical composition, 212 et seq. ; 
arterial and venous, 215 ; its quan- 
tity, 220 : the letting of, 222 : trans- 
fusion, 223 ; wl/at are the vivifying 
elements in, 226 ; it nourishes and 
stimulates, 228 ; oxygenation of, the 
result of respiration, 288, 291 ; state 
in which carbonic acid and oxygen 
exist in, 800; effects of carbonic 
oxide on, 812, 813; excitation of 
taste bv reaction through it, ii. 258. 

Blood, circulation of the, it swonders, 
i. 219 ; did Harvey discover itf 236 ; 
diagram of it, 287 ; its course fi-om 
the heart, dec, 238 ; history of its 
discovery, 240 et seq. ; errors of the 
ancients, 241 ; the general, discover- 
ed, 245 ; discovery of the valves of 
the veins, 247 ; gajMS in Harvey* a 
doctrine, 262; the capillaries dis- 
covered, 258; and the lymphatics, 
255 ; Its course recapitulated, 260 ; 
cause of it, 262 ; it without a heart. 
ib. ; its rapidity, 265, 266 ; action of 
the arteries, 273 ; of the capillaries, 
274 et aeq. 

cells, the vivifying element In 

the blood, i. 227 ; their power of ab- 
sorbing oxygen, 228 ; their relation to 
nutrition, 231 et seq. 

discs, representation of the, i. 



7, 197 et seq. ; influence of their form, 
&c., 200; their structure, ib.; anal- 
ysis of them, 214. 

Bloodhound, the, why it hunts with 
its nose to the ground, ii. 268. 

Blood-letting, extraordinary cases of, 1. 
222. 

Blundell, revival of transfusion of 
blood by, i. 224. 

Backer, Dr., experiments of, on the 
action of tea, 1. 142. 

Body, the, the comparison of it to a 
steam-engine examined, i. 6; largo 
proportion of water in, 30; everj*- 
where animated by the soul, ii. 193. 

Body-eensations of Prochaska, the, ii. 
43. 

Boerhaave, seat assigned the scneo- 
rium by, ii. 42. 

Boileau, reception of Harvey's doc- 
trine by, i. 251. 

Boiling, action of. on meat. i. 126, 127 ; 
resemblance oi the action of the 
gastric luice to, 175. 

Bolivia, clay eatinff in, i. 43. 

Bomare, on hybrids between wolf and 
dog, ii. 334. 
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Bones, effects of starvation on the. i. 
18 ; phosphate of lime indispensable 
to, 80: the extraction of gelatine 
from, 105: nutritive properties of, 
107, 108. 

Bone soup, innutritions qualities of, i. 
105, 106, 107. 

Bonito, temperature of the, i. 331. 

Borelli, researches of, on coagulation 
of the hlood, i. 208. 

BoBJesmans, gluttony of the, i. 148. 

Bouchnt, M., on auscultation in de- 
termining the reality of death, ii. 
376. 

Bouillaud, exx>eriments of, on the cere- 
brum, ii. 95 ; views of, as to the cere- 
bellum, 112, 120. 

Bourbon nose, the, a case of hereditary 
transmission, ii. 318. 

Boutekoe, seat assigned the sensorinm 
by, ii. 42. 

Bronohio-cephalic veins, the, destitute 
of valves, 1. 240. 

Braid, Mr., cases of simulated death 
from, ii. 374. 

Brain, the, influence of starvation on, 
1. 18: proportion of fat in it, 61; 
its relations to sensation, &o., il. 11 ; 
views held regarding it. 13 ; views 
of Prochaska on it, 43 ; tne gray and 
white matters of, 44; identity of 
organic relation between ganglia 
and it, 46; long-continued miscon- 
ception regarding it, 77 ; it currently 
regarded as the sensorinm commune, 
ib. ; proof that it is not so, 78 et aeq. ; 
inconsistencies of physiologists re- 
garding it, ib.; its structure, 80; 
view of its component parts, &c., 
81; diagram of vertical section, 
82 ; its development in the different 
vertebrates, to. ; connection of in- 
telligence with it, 83; its essential 
identity in the bird and the bee, 
85; shewn by comparative anatomy 
to be not the sole centre of sensa* 
tion, 87 ; its weight in man, &o., 88 ; 
the white and tlie gray matter, 80 ; 
functions of Cerebrum, 90: the re- 
searches and conclusions of Flourens, 
&o., &c., on the effects of removing 
the Cerebrum, 94 et aeq. : relative 
size of it in different animals, and re- 
lations of this to their intelligence, 
107; functions of the Cerebellum, 
108 et aeq. ; functions of the Medulla 
Oblongata, 121; summary of its 
functions, 131 ; proofs of voluntary 
movement after its removal, 160; 
reflex action in it, 166 et aeq. ; errors 
arising from holding it to be the 
sole seat of sensation, 200; propor- 
tion borne by spinal chord to, in dif- 
ferent animals, 226; visual images 
not transmitted as such, to, 278; 
excitement of it prevents sleep, 290 ; 

33 



temporary congestion of it the cause 
of sleep, 301. 305 ; restorative x>ower 
of sleep with regard to it, 303; its 
activity during sleep, 313; probable 
action of it in dnams, 307 et aeq. 

Brains as an artic^of diet, 1. 128. 

Bread countries, the, as defined by 
Schouw, i. 139. 

Breathing, as a source of waste in the 
body, i. 15 ; water thrown off in, 28 ; 
an example of reflex action, ii. 56 ; 
relations of, to the will, 172. See also 
Respiration. 

Breathing-mechanism, the, i. 287. See 
Respiration. 

Breed, permanency of, ii. 316. 

Broncnial tubes, the, i. 238; their 
office, 295 ; representation of, 296. 

Bronchitis, what, i. 295. 

Brothers, frequent differences of char- 
acter among, ii. 317. 

Brown-Sdquard, on transfusion of 
blood, i. 224; researches of, on the 
blood cells, 2S^ ; on the functions of 
oxygen and carbonic acid in it, »6. 
et aeq. : on animal heat, 362 ; experi- 
ments by, on the posterior nerves. IL 
38 ; cases recorded by, of destruction 
of the cerebellum, 117 ; experiments 
of, on Flouren's vital point, 128 ; on 
the muscular sens^ 242. 

Bruch on venous and arterial blood, i. 
217. 

Brucke, views of, on the coagulation 
of the blood, i. 211. 

Brunner*s gland, 1. 185. 

Buckle, Mr., his views as to inherited 
qualities examined, il. 315 et aeq. 

Bndd, Dr., on the value of vegetable 
acids, i. 120. 

Buftbn on hybrids between wolf and 
dog, ii. 333. 

Burdelch on the life-sustaining power 
of water, i. 16 ; en>eriments by, on 
feeding rabbits, 145 ; on the trans- 
mission of colour, ii. 833. 

Busk, Mr., on the blood discs, L 202 
note. 

Butter, proportion of, in milk, i. 96. 

Byron, Admiral, experiences of, after 
starvation, i. 5. 

Cabbage, gluten in, i. 104. 
CflBsalpinus, discovery of, regarding 

the circulation, i. 245. 
Calamus scriptorius, the, il. 128. 
Oalmell, views of, on the spinal chord, 

U. 196. 
Calcar, the illustrator of Yesalius, i. 

243no/e. 
Camper, seat assigned the sensorinm 

by, IL 42. 
Cannibalism, congenital tendency to, 

il. 322, 323. 
Capillaries, the, i. 196 ; on the liver, 

to. ; transmission of fluids through 
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their wallfl, 86; not known to Har- 
vey, 237: discoverv of them, 253; 
rate of the circulation in, 266 ; their 
action in the circulation, 274; sup- 
posed cause of iU 275 et aeq. 

Capillary circulatflki, continuance of, 
after death, i. 265. 

Carbon, proportion of. in the blood, i. 
212 ; oxidation of, the alleged cause 
of animal heat, 356. 

Carbonic acid, proportion of, in venous 
and arterial blood, i. 216; its origin, 
217 ; iU function in the blood, 228 
et aeq. ; suffocation by, 281 ; propor- 
tion of, in air, 287 ; its removal by 
respiration, 298 ; apparatus for shew- 
ing this, 299: sta.e in which it eX' 
ists in the blood, 300; its presence 
arrests respiration. 307 et seq. ; pro- 

Sortion which Is fatal, 309, 310 ; not 
Irectly poisonous, 311 ; how re- 
moved from the atmosphere, 318 
et aeq. ; its effects on odours, ii. 266. 

Carbonic oxide, iK)isonous character of^ 
i. 311 ; experiments on, 312. 

Carburetted hydrogen, why inodorous, 
11. 266. 

Camivora, the, their power of resist- 
ing starvation, i. 9 ; peculiarities of 
their feeding, ib. ; reed chiefly on 
herbivora, 93 note. 

Carotid artery, the, 1. 187, 259. 

Carpenter, Dr., on the use of alcohol, 
i. 116 ; on circulation apart from the 
heart, 262 ; on the emptying of the 
arteries after death, 265 ; on the cere- 
bellum in the mammalia, ii. 114; on 
reflex action in the brain, 166 et seq. ; 
on tatite in the lower animals as a se- 
curity against poisoning, 257. 

Car us, opposition of, to the reflex 
theory, il. 197. 

Caseine, proportion of, in milk, i. 96 ; 
as an alimentary principle, 101. 

Cat, the, its diet, i. 60. 

Caviare, albumen In, 1. 99 ; oil in^ 109. 

Cell, the, acts as such only while re- 
tainlnj? that form, I. 91 ; life of, Ii. 
351, 352, 357 et seq. ; description of 
it, 357 ; the ultimate form of organic 
life, 358. 

Cells, proportion of, In blood, i. 213. 

Centipede, nervous system of, il. 46; 
analogy of Its nervous system to that 
of man, 80. 

Cereals, the, albumen and fibrlne In, 
I. 100. 

Cerebellum, the. Its position, ii. 81 ; 
disposition of gray and white matter 
in it, 82, 89 ; Its relative weight in 
man, 88 ; its functions, 108 ; its com- 
position, ib. : Its position, &c., 109; 
Gall's hypothesis regarding it, ib. ; 
experiments, &c., of Flourens, 110; 
the hypothesis that It Is the seat of 
muscular co-ordination. 111 et seq. ; 



its relation to muscular movements, 
112 ; experiments, d&c., of Schiff, 113 ; 
influence of disease, 114 et aeq. ; case 
in which wanting, 115 ; conclusions 
from this case, 116 et aeq. ; not the 
seat of muscular co-ordination, 118 ; 
a seat of sensation and volition, ib. 

Cerebral excitement prevents sleep, ii. 
299. 

Cerebro-splnal axis, the, ii. 20, 80 ; in 
the insect, 80. 

Cerebrum, the, its position, ii. 81 : its 
convolutions, ib. ; its relative weight 
in man, 88; arrangements of gray 
and white matter in t6., 89; its 
functions, 90; effects of pressure 
on it, 91; case illustrating effects 
of m*es8ure on it, ib. ; the researches 
of Flourens regarding it, 94 et tteq. ; 
effects of its removal on memory, 
95, 96; experiments, 4^., of Bouil- 
laud on it, 95 ; of JLonget and of 
Dalton, 97; conclusions of the lat- 
ter as to dependence of intellectual 
sensations on it, 98; general con- 
clusions from these experiments, 
100 ; what are its functions, 101 ; no 
nerves originate in it, ib. ; views of 
Prochaska, &c., on it, ib. ; its rela- 
tions to sensibility, ib. et aeq. ; sub- 
division of its sensibilities, 102; 
difficulty with regard to this, 103; 
hypothesis proposed, ib.; depend- 
ence of the spinal chord on it, 106 ; 
the seat of intelligence and emotion, 
226. 

Chabert, the fire king, i. 337. 

Chambers, Dr., on Uie action of tea, 
&c., i. 143; on the importance of 
mastication, 162. 

Chambon on hereditary transmission 
of colours in animals, ii. 318. 

Charcoal, suffocation by fumes of, i. 
281. 

Cheek, tactile sensibility of the, ii. 
251. 

Cheese, caseine in, i. 101 ; effects of on 
flavour of wines, il. 258. 

Chemical action, intimate connection 
of, with vitality, II. 350. 

affinities, not controlled by life, 

II. 349 ; effect of light on, I. 90. 

laws. Inadequate to explain 



physiological phenomena, i. 53 ; cause 
of this, 55. 

process, the^ in digestion, i. 157. 

theory of food, errors, &c. of 



the, i. 46 et seq. ; its insufficiency, 

Chemist, views of, on muscle, con- 
trasted with the anatomist's, i. 61 ; 
and on blood, 64. 

Chemistry, true relations of, to the 
science of food, i. 50. 

Cherries, sometimes pernicious, i. 48 ; 
sugar in, 112. 
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Cheselden, experiments of, on the 
effects or piercing the tympanum, 11. 
270. 

Chest; tactile sensibility of the, ii. 251. 

Chewing the food, not universally a 
part of digestion, 1. 156. 

Clieyne, Dr., case of control over the 
heart recorded by, 11. 191. 

Chicken, muscle of, albumen in, 1. 99 ; 
and flbrinc, 100 : why less digestible 
than beef, 123. 

Child, the sleeping, illustrations of 
choice ftom, il. 206; picture of, 
asleep, 292. 

Children, necessity of caution as to 
diet of, i. 49. 

Chloride of sodium, presence and im- 
portance of, in the body, i. 83^ 

Chlorine, effect of light on its affinity 
with hydrogen, 1. 90. 

Chocolate, as an article of diet, 1. 142. 

Choice, manifestation of, and its pre- 
sumed origin in animals, 11. 204 ; im- 
Slics sensation and volition, ib. ; in- 
ications of it in decapitated ani- 
mals, 206 et aeq.^ 208 et aeq. 

Choroid coat of the eye, the, 11. 275. 

Chossat, the experiments of, on Inani- 
tion, 1. 7, 8, 10, 17 ; experiments by, 
on withholding pnospnate of lime, 
80 *, and on the influence of fasting 
on temperature, 852. 

Chyle, nature of the, 1. 186 ; what, 255. 

Chyme, what, 1. 167 : representation 
of, 168. 

Circulation of the blood, the, its dis- 
covery, 1. 236 ; continuous, ii. 862 ; 
cessation of It as a sign of death, 376. 
See also Blood. 

Civille, Francois, the case of, ii. 373. 

Clarke, Dr. E., on the uses .f the tym- 
panum, ii. 270. 

Lockhart, views of, on the cere- 
bellum, ii. 118 ; on the medulla 
oblongata, 123 note ; his microscopic 
preparations of the spinal cord, 229 
et acq. 

Clay, allaying of hunger by eating, i. 25. 

Clay-caters, tribes of. i. 43 et aeq. 

Climate, influence or, on demand for 
food, i. 148. 

Clot of the blood, the, 1. 100. 207. 

Clypeus, peculiarity regarding the, i. 
225, note. 

Coagulation of the blood, the, 1. 208. 

Cochin fowls, on hybrids of, 11. 830. 

Cochrane, Captain, on the gluttony of 
the Yakuti. i. 150. 

Cocoa nut, oil in, i. 109. 

Coecum, the, 1. 178 ; its position, &c., 
186, 187, 259. 

Coffee, thirst increased by, 1. 27 ; cases 
in which pernicious, 48 ; as an ar- 
ticle of diet, 142 ; effects of, on re- 
spiration, 300. 

Cold, influence of, on the circulation, 



i. 278 ; stupefying effects of, 355 ; 
when dangerous, ib. ; the sensation 
of, 11. 246; anecdote showing Its 
power to produce sleep, 296 et aeq. ; 
moderate, prevents it, 299. 

Cold-blooded animals, influence of 
temperature on feeding o^ 1. 5; 
compared with warm-blooded as re- 
gards starvation, 8 ; circulation after 
removal of heart In, 264 ; can breathe 
in air irresplrable by warm-blooded, 
307 ; effects of temperature on res- 
piration of. 324 : distinction between, 
and warm-Dlooaed, 335 et aeq ; res- 
piration and animal heat among, 
361. 

Cold climates, alleged greater con- 
sumption of heat-producing food in, 
i. 70 \ great consumption of fat in, 71, 
72 ; mcrcased demand for food in, 
148. 

Colin and B^rard on the action of the 
pancreas, i. 184. 

Colliers, case of, shut up without food, 
1.22. 

Colombo, the pulmonary circulation 
discovered by, 1. 245. 

Colon, the, 1. 178 ; Its position, tee.. 186, 
187, 259. 

Colour, hereditary transmission of, in 
animals, 11. 318 ; from which parent 
derived, 333 et aeq. 

Colour-blindness, the phenomena of, 
ii. 287. 

Colourless corpuscles, the, in the blood, 
i. 202 ; resemble the amoeba, 203. 

Combette, case recorded by, of absent 
cerebellum, and conclusions from It, 
Ii. 115 et aeq. 

Combustion, theory of respiration 
being identical with, 1. 316. 

Comparative anatomy, value of, in the 
study of life, &c., ii. 79, 80; teach- 
ing of, regarding the ganglia and the 
brain, 86, 87. 

Concentrated and diluted agents, dif- 
ference between action of, 1. 115 et 
aeq. 

Condillac, the hypothetical statue of, 
ii. 290. 

Conditions, influence of different, with 
regard to food, i. 88. 

Congestion, partial, the cause of sleep, 
11.305. 

Conscious sensibility, the so-called, 11. 
68. 

Consciousness, connection of the ner- 
vous system with, ii, 13 ; various 
definitions of, 49; distinction be- 
tween, and attention in relation to 
sensations, 50 ; relation of, to sensa* 
tlon, 59 ; concurrence of all our sen- 
sations to form, 62; that of exist- 
ence, 63 ; general, 65 ; particular, 
ib. ; the various forms of— the sys 
temic, 70 ; the sense, 72 ; the thought; 
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ib. : ambiffalty in use of the word, 

and oonftuion fh>m this, 168, 160. 
Constitution, parental innaenoe on, ii 

322et9eQ. 
ConBtrnctive association, tlr. Bain on, 

U. 187. 
Consumption, hereditary transmission 

of, li. 322. 
Continuity, BichAt's law of; ii. 861. 
Contractility, muscular, analogy be- 
tween, and nervous sensibility, ii. 69, 

169. 
Control, definition of, with regard to 

action, ii. 174; its connection with 

refiex feeling, 176 et seq. 
Convalescence, peculiarities of appetite 

during, i. 6. 
Convulsions, supposed influence of, in 

the brain, 11. 89. 
Cooking, action of various kinds of, on 

meat, 1. 125 et aeq. 
Cooper, Sir Astlev, case of long-con- 
tinued insensibility recorded by, ii. 

91 ; case of partial paralysis recorded 

by, 119. 
Cornaro, quantity of food consumed 

by, 1. 146. 
Cornea of the eye, the, 11. 276. 
C'Orpora quadrigemlna, the, by some 

included in the brain, ii. 82 ; their 

functions, 121. 
striata, the, in the brain, 11. 82 ; 

their functions, 121. 
Corpus calloBum, the, in the brain, ii. 

81 ; held to be the seat of the senso- 

rium, 42. 
Cow, the, its flesh, 1. 124 ', transmission 

of colour in, ii. 318. 
Cow's milk, caselne in, i. 101; fat in, 109. 
Crime, hunger a stimulus to, 1. 2. 
Cruclferaa, the, rejected by the horse, 

i. 50. 
Crura cerebri, the, Ii. 122. 
Crustacea, respiratory organs in the, 

i. 293 ; the blind, the eye-pigment 

wanting in, ii. 281. 
Crystalline humour of the eye, the, IL 

276. 
Curd of milk, the, i. 101. 
Cuticle or scarf skin, the, 1. 29. 
Cutis or true skin, the, 1. 29. 
Cuvier on the alleged discovery of Ser- 

vetus, 1. 244 ; on the conclusions of 

Flourens regarding the cerebrum, 

ii. 100. 
F., on transmitted qualities, ii. 

342. 

D ALTON, J., analysis of vitiated air by, 
1. 287 ; the colour-blindness of, ii. 287. 
•Dr., experiments, &c., of, oh the 
effects of the removal of the Cere- 
brum, iL 97 ; his conclusions regard- 
ing the latter, 98 et seq. ; on the 
effects of injury to it in man, 99; 
observations on a fowl, 100. 



Daltonism, what, ii. 288. 

Damiens, the regicide, aneodote of, ii. 
296. 

Danney, M., exx)erimenta on heredi- 
tary transimssion in rabbits, ii. 824. 

Dareste, M., on the white and gray 
matters of the brain, ii. 89. 

Darkness, efl'ects of, on respiration, i. 
300. 

Daumas, General, on the influence of 
each parent in the Arab horse, ii. 
327. 

Davy, Dr. John, on non-coagalable 
blood, I. 210. 

D^al, a Frenchman, singular suicide of; 
i.28L 

Death, slow or sudden, different effect 
of; on the heart, i. 271; no analogy 
between Sleep and, ii. 293 : appear- 
ance of, contrasted with life, 844; 
the necessary issue of life, 370: is 
determined by the changes of life, 
ib, ; what it is, 371 ; that of the parts, 
872 ; of the oi^^anism, ib. ; apparent, 
373 ; the signs of it, 375 etaeq. 

De CandoUe, views of; on the inflaenoe 
of each parent on plants, Ii. 327. 

Democritus, his theory of vision, 11. 
276. 

Denis, transfusion of blood by, i. 223. 

Derma, the, i. 29. 

Descartes, reception of Harvey's doc- 
trine by, i. 252 \ seat assigned to Uio 
sensorinm by, ii. 42. 

Development or Differentiation, the 
law of, as one of the laws of life, ii. 
359. 

Dextrine, ready conversion of starch 
into, i. 160. 184. 

Diastole of the heart, .what, 1. 267. 

Dietaries, table of various, i. 152. 

Dietrich on pulsation after death, i. 272. 

Differentiation, the law of, ii. 359. 

Digestibility essential to estimate of 
food, i. 93 ; not the sole test of nu- 
trltiveness, 123. 

Digestion, influence of vegetable acids 
on, 1. 120 ; importance of, to health 
and comfort, 154 ; complexity of the 
process, 155 ; its function, 157 ; pro- 
cess in the mouth, ib. ; in the stom- 
ach, 163; in the intestines, 178 ; the 
tract of J 187 ; causes of bad, 188 ; ar- 
rested in the stomach by bile, 181 ; 
influence of the nervous system on, 
189 ; effects of, on respiration, 300 ; is 
intermittent, ii. 362. 

Digestive fluids, the, proportion of 
water in, 1. 30. 

tract- view of the, i. 187. 

Discs, the, in the blood, i. 198. 

Disease, death from, ii. 372 

Distoma haematobium, the, i. 204. 

Dog, the, diet of, i. 50 ; hybrids be- 
tween, and the wolf and fox. il. 330, 
334 et seq. 
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Does, experimentB on feeding, on 
gluten, &c., i. 66: transmission of 
]>ecnliarities in, ii. 320, 322. 

Donders, researches of, on the action 
of saliya on starch, i. 161. 

Donkey, the flesh of, as an article of 
diet. i. 133. 

Donne, M., experiments of, on gela- 
tine, i. 106. 

Dormouse, loss of weight by, during 
its winter sleep, 1. 15. 

Dowler, Dr. B., on phenomena after 
death from yellow fever, i. 265; on 
animal heat after death, 860. 

Drax>er, Professor, on the colourless 
corpuscles of the blood, i. 205 ; on 
the circulation in the liver, 262 ; bis 
hypothesis of the action of the capil- 
laries, 275 et aeq. ; his theory of vision, 
270 et seq. 

Dreams, the current views of, and 
their defects, ii. 307 ; definition of, 
ib. ; action of the brain in, 808 ; in- 
fluence of subjective sensations in, 
309 ; theory of. 810 et aeq. ; their 
coherence and incoherence, 310 ; we 
are surprised but not arrested by the 
latter, 311 ; influence of the systemic 
sensations in, 312*, alleged uncon- 
sciousness of, 313. 

Drowning, death by, i. 288, 315; its 
cause, 288. 

Drum of the ear, the, tee Tympanum. 

Drunkenness, how it causes double 
vision, ii. 286. 

Dublin hospital, efi^cts of ventilation 
illustrated in, i. 302. 

Dubois, Beymond, on nerve force, ii. 
23. 

Duck, time in which digested, i. 128. 

DufiT^B, definition of life by, ii. 356. 

Duiker, the, its power of subsisting 
without water, i. 39. 

Duodenum, the,i. 178 ; its position, 4bo., 
186, 187, 259. 

Dutrochet, the thermo-olectrometer of, 
1.333. 

Dyspepsia, see Indigestion. 



Ear, the, as the organ of hearing, ii. 

268 ; description and sections of it, 

ib. ; et seq. 
Ears, power of moving the, sometimes 

possessed, ii. 191. 
Eating, effects of, on respiration, i. 324. 
Ecker on the hydra, i. 204 note; on 

double vision in the drunken man, Ii. 

286. 
Eckhard on the nervous system of the 

heart, i. 270. 
Edwaras, W. F., his researches on res- 
piration, i. 285. 
observations of, on animal heat, 

i. 845, 847, 348, 364 ; experiments of, on 

frogs, 4cc., 867. 



Edwards, W. F., and Balzac, the 
memoir of, on gelatine, i. 106. 

Egg, the, inexplicable by chemistry, i. 
52 ; white of, its nutritive value, 99 ; 
sugar In, 113. 

Eggs, cases in which x>«micious, i. 48 : 
yolk of, oil In, 109 ; as an article of 
diet, 137. 

Ehrenberg, analysis of edible clay by, 
i. 43. 

Eland, the, its power of subsisting 
without water, I. 38 ; Its flesh, 134. 

Electric action, relations of, to the sen- 
sibility concerned in muscular adjust- 
ments, ii. 244. 

Electrical stimuli, sensation of taste 
excited by, ii. 255. 256. 

Electricity, hypothetic identity of 
nerve force with, ii. 15. 

Emotion, relations of, to sensation, ii. 
104, 105 : how it affects the action of 
the heart, 130. 

Emotional excitement, effects of, on 
respiration, i. 323. 

Encephalon, the, or Brain, see Brain. 

Endosmometer, the, i. 85. 

Endosmose, the law of, and its promo- 
tion within the body by salt, i. 85 ; 
action of. In the circulation, 255. 

England. Increased attention to venti- 
lation m, i. 302. 

Ephemeron, the blood discs in the 
larva of, i. 199 note. 

Epidermis, the, i. 29: effect of its de- 
struction on tactile sensibility, II. 
252. 

Epigenesls, "Wolff>s doctrine of, i. 232. 

Epithelium, the, what, I. 177 note. 

Esquimaux, the, unproUfic, i. 136 ; food 
consumed by, 150. 

Essential oils, the, as condiments, i. 
111. 

Etherisation, sensation during. 11. 61. 

Euphorbia, the, the food of tne black, 
and deaoly to the white rhinoceros, 
1.50. 

Ewe's milk, caselne In, i. 101; fat in, 
109. 

Excito-motor actions, the so-called, il. 
145, 168. 

Excito-motory fibres, the supposed, 
now rejected, 11. 151. 

Exercise, value of, to the dyspeptic, 1. 
189; influence of, in counteracting 
cold, 355. 

Existence, the sensations which con- 
stitute tne consciousness of, ii. 63. 

Exosmosls, what, l. 85. 

Experiment, true value of, as regards 
the study of life. Sec, ii. 80. 

External medium and conditions, In- 
fluence of, on life, II. 363. 

Extra-tropical vegetables, the, i. 138. 

Eye, the, as the organ of sight, ii. 274 ; 
description of It, 275 ; structure, 4kc., 
of the retina, 278 ; the black pigment 
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Bens t a. ; action of the bUe on them, 11. 178. 
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proportion of. In blood, 213, 216. Foatana, voluntary contraction of the 

Fothor, on the relative Influence of, iris by, II. IM. 

upon the otfWring. 11. 320 el ata. Food, the want of, the cauBo of hun- 

Fntlgne, bow ft Induces sleep, fl. SOS ; eer, I. 4 ; frequency of demand for. 
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of, 81 ; digeetihilltv essential to, S3 : 
bloodaaaBtandirdof,U. ,-nillkaB a 
standard, 96 ; four clasaea of prlacl- 
plea necesury In, 97: the various 
alimentary prinelplea, 89 el aq. ; arli- 
cles of, m et teq. ; nutrltlvo value of, 
regulated by relation to organism. 
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145 ; on the quantity required, 146 et 
aeq. ; action of the mouth on, 157 ; of 
the stomach, 164 ; results of sto- 
machic action on, 175 ; intestinal 
digestion of, 177 et aeq. ; ill-selected, 
as a cause of indigestion, 189 ; rela- 
tions of, to animal temperature, 349 
et aeq. 

Foot, comparative sensitiveness of the, 
ii. 246. 

Forehead, tactile sensibility of the, ii. 
251. 

Form, importance of, in physiology, 
I. 91. 

Foville, views of, as to the function of 
the cerebellum, ii. 118. 

Fowls, time in which digested, i. 128 ; 
effects of removal of the cerebrum 
on, ii. 94, 96, 100. 

France, baking of meat in, i. 126 ; con- 
sumption of horse-flesh in, 133. 

Franklin on salt-water bathing for 
allaying thirst, i. 28 ; his exi>eriments 
on relation of colour to temperature, 
and theory of vision illustrated from 
these, ii. 281. 

Frederick the Great, small amount of 
sleep taken by, ii. 300. 

French workmen, effects of an animal 
diet on, i. 141. 

Friction, assertion that life resists, ii. 
363. 

Frog, vitality of the, i. 226 ; results of 
removal of its head, in connection 
with the reflex theory, ii. 153 et aeq. ; 
voluntary movement in, after remov- 
al of the brain, 160 * after being skin- 
ned also, 161 ; experiments on, with 
reference to the muscular sense, 240 
et aeq. ; and showing the relations of 
electric action to it, 244. 

Frogs, respiratory organs in, I. 293 : the 
winter life of, 366 ; relative welgnt of 
brain and spinal chord in, ii.88: effects 
of removal of cerebellum on, 112 ; re- 
lations of the latter to the vertebral 
column in, 113 ; decapitated, experi- 
ments as to sensation in, 205, 210 et 




and 
property, ii. 25 et aeq. ; how deter- 
mined, in nerves, 76 ; illustration of 
its relations to property, 85. 
Functional and mechanical activity, 
Bernard on, i. 218. 

Galin, views of, on respiration, and 
discovery regarding the arteries, i. 
242. 

Gall, views of, regarding the cerebel- 
lum, ii. 109 ; on the experiments of 
Sue, 202. 

Gall-bladder and duct, position of, i. 
186, 259. 

Game, the flesh of, i. 128. 



Chiming, hereditary transmlBsion of 
tendency to, ii. 322. 

Ganglia, disposition of the nerve 
fibres in, i. 271 note ; as part of the 
nervous system, ii. 16; sensibility 
their property, 20, 28 ; identity of 
structure of, 44 ; position of gray 
and wliite matter in, ib. ; their iden- 
tity of organic relation with the 
brain, ib. ; their essential identity 
with it, 86, 87 ; proof of sensibility 
being the property of all, 156. 

Ganglion, description, &o., of a, ii. 16. 

Ganglionic system of the heart, the, i. 
270 et aeq. 

tissue, sensibility the property 

of, ii. 42 ; analogy between, and 
muscular, 69. 

Garden beetle, nervous system of the, 
ii. 87. 

Garnett, Mr., on hybrids from the 
Muscovy duck, ii. 330. 

Gas, effects of. on the air, i. 314. 

Gases, how tney affect the sense of 
taste, ii. 255 ; odorous, Graham on, 
265. 

Gasserlan ganglion, the, ii. 260. 

Gastric follicles or glands, the, 1. 
166. 

juice, the, supposed attacking 

of the stomach by, ». 23 ; supposed 
accumulation of, during fasting, 24 ; 
Dr. Beaumont's work on, 163 ; first 
obtained, 165 ; its composition, action, 
&c., 166; nature of it, &c., 170; 
quantity secreted, 173 ; estimates of 
its solvent power, 174 ; its action on 
the stomacn, ib. ; its action arrested 
by bile, 181 ; InsufGlclency of, as a 
cause of indigestion, 188 ; attacks the 
dead but not the living stomach, and 
the supposed proof from this as to 
life controlling chemical afS.nities, 
ii. 349. 

Gaucho, animal diet of the, i. 98. 

Gavarret on the animal heat of man, i. 
337. 

Gelatine incapable of supx>orting life 
by itself, i. 65, 66 ; as an allmentarv 
principle, 104 ; action of the stomaou 
on, 168. 

commission, the, and its report, 

i. 106 ; extract from its report, 66. 

Gelatinous tissues, supposed formation 
of the, from gelatine, i. 108. 

Gemsbuck, the, its power of subsisting 
without water, i. 39. 

Genius, where hereditary, ii. 335. 

Gerdy on the use of the terms sensa- 
tion, &c., ii. 51 ; on the classification, 
&c. , of the senses, 233. 

Gerlach, his mode of making micro* 
scopic preparations, il. 231. 

Germany, baking of meat in, i. 126; 
use of horsc-flcsh in, 131^ indiffer- 
ence to ventilation in 802. 
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Glaoominli denial of the blood discs by, 
i. 281 note. 

Gills, vessels, 4bc., of the, in the fish, i. 
263 •, breathing by, 288, 283. 

Girou on hereditary transmission of 
colours, ii. 318 ; and of other qualities, 
322 ; on hybrids between wolf and 
dog, 334 ; on the x)otency of race as 
shewn in sheep, 340. 

Glands, Bcrnara on the functional and 
mechanical activity of, i. 218. 

Gluten, capable of supporting life, 1. 66 ; 
as an alimentary ]principle, 103 ; con- 
version of starch into sugar by, 160. 

Gluttony, examples of, i. Iw. 

Glycose, conversion of dextrine into, 
i. 160 ', starch converted into. 178, 184. 

Goat, the, plants rejected by, i. 50 ; its 
flesh, 123. 

Goat's milk, caseine in, I. 101 : fat in, 
109. 

Goldsmith, account of the agonies of 
starvation from, i. 19. 

Goodwyn, views of, on asphyxia, i. 
285. 

Goose, time in which digested, i. 128. 

Gooseberries, sometimes pernicious, i. 
48 ; sugar in, 112. 

Graham, Mr., on odorous substances, 
and the nature of the action, ii. 265. 

Grainger, Mr., the views of, on the 
reflex theory, ii. 151: his assertion 
that there are reflex fibres, 152 ; his 
experiments, &c., on division of 
spinal chord, 165, 216 ; arguments of, 
against its sensational power, 196 ; 
denies the sensibility of the medulla 
oblongata as well as the spinal chord, 
200. 

Grandfather or grandmother, trans- 
mission of qualities from, ii. 339. 

Granle, death of, by voluntary star- 
vation, i. 16. 

Great men, the children of, ii. 835. 

Greengages, sugar in, i. 112. 

Greenland, no cereals grown in, i. 139. 

Gray matter of the nervous system, 
&c., the, ii. 19 ; distribution and 
supposed function of, in the brain, 
82. 

GrQnewaldt, Dr., his observations on 
the gastric juice, i. 163 ; on the qual- 
ity of the gastric juice, 173. 

Guinea, clay-eating in, i. 43. 

Guildhall feast, a, contrasted with the 
meal of Sin Irish peasant, i. 41. 

Gullet, the, its action on the food, i. 
164 ; its position, &c^ 186, 187, 259. 

Gums, how classed by Liebig, i. 67. 

Gums, the, shewn not to ^be the organ 
of taste, ii. 255. 

Habits, relations of, to sensation, ii. 

66 ; hereditary transmission of, 320, 

321. 
Hair, excretory function of, i. 232, 233. 



Hall, Marshall, his theory of reflex 
action, and examination of it, IL 145 
et aeq. ; his error, 151 ; observations 
of, on a headless turtle, 157 ; refuta- 
tion of his conclusions from these, 
158 ; general character of his inves- 
tigations, 160 ', his observations on 
division of the spinal chord, and crit- 
icism on them, 162 et sea. ; on the 
phenomena following division of 
spinal chord, 218 ; case of diseased 
spine recorded by, and examination 
of his inferences from it, 222. 

Haller, cases of alleged fasting A-om, i. 
11 ; cases of blood-letting from, 222 ; 
error of, regarding the motions of 
the heart, 267 note; on the cause of 
these, 268. 

Hallucinations, how produced, ii. 308. 

Hamilton, Sir W., on sensation, ii. 51 ; 
on the number of the senses, 233 ; on 
the muscular sepse, 238 *, on the tac* 
tile sensibility of various parts of the 
body, 252 ; on dreaming and dreams, 
313. 

Hand, the comparative sensitiveness 
of, li. 246 ; as the organ of touch, 
247 ; tactile sensibilities of back and 
front, 251 ; difference between right 
and left as regards temperature, 252. 

Hardening infants, theory of, and its 
errors, i. 348 et aeq. 

Harless, Professor, on the effbcts of 
thirst on the nerves, i. 40 note ; case 
of pulsation after death from. 272. 

Harley, Dr., on the quantity of the gas- 
tric juice, i. 173 note ; on the protec- 
tion of the stomach from the gastrio 
juice, 177 note. 

Harvey, views of. on the vitality of the 
blood, j. 206 ; what was his discovery, 
236, 237 ; the general circulation dis- 
covered by, 245: the publication of 
his work, 248 : his originality, 249 ; 
reception of his doctrine, 250 ; gaps 
in it, 252 : views of, on the lymphat- 
ics. 258 ; his claims, 261. 

Head, life of the, after decapitation, ii. 
373. 

Health, importance of digestion to, i. 
154 ; importance of a Imowledge of 
physiology to, ii. 378. 

Hearing, the medulla the centre of the 
nerves of, ii. 123 ; the sense of, 268 ; 
the apparatus of, 268 et seq. ; integrity 
of the tympanum not essential to it, 
270 ; sketch of the process of it, 271 ; 
intensity, pitch, and quality of sound, 
lb. ; the highest and lowest audible 
sounds, 272 ; the musical and unmu- 
sical ear, ib. ; the effect of music, ib. ; 
effect of tones, ib. ; subjective sounds, 
273; appreciation of airectiou, 274; 
its acuteness in the blind, ib. 

Heart, the, tissues of which make up, 
1.3; its position, 186, 239, 259 ; error 
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of the ancients regarding, 241, 242 ; 
its valves, 251 ; is it the cause of the 
circulation ? 262 ; circulation without 
one, lb. ; and after removal of it, 264 ; 
its motions, 267 ; what causes these, 
26S ; its movements after death, 269 
et aeg. ; its nervous system, &c., 270 
et seq. ; cessation of its pulsations no 
sign of death, 271 *, its motion an ex- 
ample of reflex action, ii. 56 ; arrest 
of its action by irritation of various 
nerves, 129 ; influence of sudden emo- 
tions on, 130: cases of power over 
the heating of it, 191 ; active during 
sleep, 292. 

Heat, effects of, on fat, i. Ill ; and on 
the gastric juice, 170; tendency of, 
to induce sleep, ii. 298. 

■ animal, phenomena of, i. 328 ; 

instruments for measuring, 331 ; re- 
lations of perspiration to, 339; its 
constancy in man, 341 ; its difference 
at different ages, 344 et seq. ; relations 
of sex to, 349 ; and of fooa, ib. et seq. ; 
influence of the seasons. 352: tiie 
chemical theory of, examined, 856 et 
seq. ; effect of muscular contraction 
on, 368 ; cases of it after death, ib. ; 
influence of organic conditions on, 
364 et se(f. 

Heat-making substances, Liebig's class 
of, i. 67. 

Helvetius, argument of, against vege- 
tarianism, i. 140. 

nonle, views of, on the capillaries, i. 
264; on the excitation of tasto uy 
mechanical stimuli, ii. 255. 

Hepatic veins, the, destitute of valves, 
i. 249. 

Herblvora, the, their power of resist- 
ing starvation, 1. 9 : peculiarities of 
their feeding, ib. : differences in the 
food of. 50 ; the chief food of the car- 
nivora, 93 note. 

Herbst on respiration, i. 297 ; on the 
eflfects of dress on it, 298. 

Hereditary qualities, see Parents. 

Ilewson, the researches of, on the 
blood, i. 199, 200. 

Hindoos, the, their diet a non-nitroge- 
nous one, i. 68. 

Hinny, the, alleged influence of each 
parent in, ii. 328, 329, 333. 

Histology, what, i. 3. 

Holland, Sir H., on the relations of at- 
tention to sensation, ii. 61 : his view 
of sleep, 294; on congenital blind- 
ness, 323. 

Holwell, Mr., his narrative of tlie Black 
Hole of Calcutta, i. 31 «•/ srq. 

Home, estimate of weight of food by, 
i. 161. 

Horse, the, plants rejected by, i. 50. 

Horses, taming of, by thirst, i. 81. 

Horse- trosh, on, as an article of diet, 
i. 129 et seq. 

33* 



Hottentots, gluttony of the, i. 148. 
Hufeland, account of suicide by star- 
vation by, i. 20 ; error of, regarding 
longevity, ii. 367. 

Human blood, chemical analysis of, !. 
213. 

milk, caseine in, 1. 101 ; fat in, 

109. 

Humboldt, account of the clay-eating 
Otomacs by, 1. 44, 46. 

Hunger, economic and social influences 
of, i. 1. 2 ; as a stimulus to activity, 
2 ; ana to crime, ib. ; what is it ? ib. ; 
the cause of it, 3 ; want of food the 
primary cause, 4 ; why it recurs pe- 
riodically, 5 ; its effects, 7 et seq. ; 
amount of waste fatal, ib. ; the sen- 
sation of, 22 ; what causes the sensa- 
tion, 23 et seq. ; the seat of it, 26 ; the 
systemic sensation, ib.; kills by a 
putrid fever, 40. 

Hunter, John, experiments by, on hy- 
bcrnating animals and their food, i. 
6 ; views of, on the vitality of the 
blood, 206 ; small amount of sleep ta- 
ken by, ii. 300. 

Hutcheson on the classiflcation, &c., 
of the senses, ii. 233. 

Huzard, testimony of, in favour of 
horse-flesh, i. 130. 

Hyaloid membrane of the eye, the, Ii. 
276. 

Hybernating animals, loss of substance 
by, during their winter sleep, i. 16 ; 
dependence of, on external tempera- 
ture, 336 ; influence of season on, 364. 

Hybernation, food not required during, 
1. 5 ; respiration during, 322 ; waste 
of the tissues during, ii. 303; the 
sleep of, 306. 

Hybrids, peculiarities of various, Ii. 330. 

Hydrogen, effect of light on its affinity 
with chlorine, i. 89: proportion of, 
in the blood, 212 ; wl»y inodorous, ii. 
266. 

Hydrophobia, Laycock on the phenom- 
ena of, in connection with reflex 
action, ii. 167 et seq. 

IcK, influence of, in allaying thirst, i. 

37, 89. 
Ices, baking of, in China, i. 840. 
Iceland, no cereals grown in,i. 139. 
Ideas, influence of guiding, with regard 

to voluntary actions, ii. 185 et seq. 
Ideation, relations of, in the nervous 

system, ii. 105. 
Ideo-motor actions, the, ii. 168. 
Idiosyncrasies, hereditary transmission 

of, li. 320. 
Ileum, the, i. 178. 
Iliac veins, the, destitute of valves, i. 

249. 
Images, visual, not transmitted as such 

to the brain, ii. 277 et seq. ; are the> 

formed on tne retina? 278. 
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ImproMlons, ourrent views regarding, 
and refatatlon of these, ii. 06 e< aeq. 

Incus or anvil, the, in the ear, ii. 271. 

Indian Falcocrs, simolated death among 
the, il. 875. 

Indigestion, misery attendant on, i. 
154; causes of, 1«8; influence of, in 
dreams, ii. 312. 

Individual potencv, influence of, in he- 
reditary transmission, ii. 889. 

Infancy, the animal heat during, L 844 ; 
necessity of warmth to, 847 *, great 
amount of sleep during, and its al- 
leged cause, iL 801 ; the life-epoch of, 
865. 

Infant, the, peculiarities regarding feel- 
ing in, ii. 181. 182 ; cannot localise its 
sensations, 249. 

Inherited qualities, see Parents. 

Inorganic existence, how distinguished 
from organic, 11. 359. 

food, what, i. 77; its imiwrt- 

ance, ib. 

phenomena, mystery and gran- 



Intermlttenoe, BichAt*s law of, in its 
supposed application to the animal 
life, ii. 361. 
Intestinal canal, length and subdivi- 
sions of the, i. 178. 

lands, the, i. 185. 

nice, action of the, in digeetim!. 



i. 184.^ 



denr of, ii. 854. 

principles, necessity of, in food. 



i. 97. 

suhstances, alimentarv powers 

of, i. 58 ; are animals capable of as- 
similating ? 79 ; indispensable to ani- 
mal life, 80. 

Inosite, composition, dtc, of, i. 113. 

Inquiry, the right spirit of, ii. 78, 77. 

Insanity, congenital tendency to, ii. 
825. 

Insects, feeding of, on sugar, i. 113 ; 
animal heat of, 335 ; the nervous sys- 
tem of, ii. 46 etaeq.; sensation, &c., 
in headless, 155 ; experiments on, 156 
et seq. 

Insect life, undue prolongations of, il. 
369, 370. 

InsenBible perspiration, amount of, i. 
29. 

Instinct, uncertainty attending the use 
of the term, and error of contrasting 
it with intelligence, ii. 83. 

Instincts, alleged dependence of, on 
the cerebrum, ii. 95; proof to the 
contrary, 97 ; origin of, in systemic 
sensations, 105. 

Intellect, relations of, to sensation, ii. 
104; relations of the cerel>enum to, 
120. 

Intellectual activity, effects of, on res- 
piration, I. 323. 

Intelligence, the attempt to separate it 
and instinct, ii. 83 ; connection of, 
with cerebral development, ib. ; sup- 
posed dependence of, on the gray 
matter of the brain, 89 ; importance 
of the cerebrum to it, 91 et seq. ; Dal- 
ton's views of the relations of the 
cerebrum to it, 98 ; relations of size 
of brain to, 107. 

Intensity of sound, what, il. 272. 



Intestines, the, injection of food into, L 
24 ; and of water, 27, 28 ; digestion in, 
177 et sea. ; their movements an ex- 
ample of reflex action, U. 56. 

Invertebrata, no valves in the veins of, 
i. 249 : the attempt to deny intelli- 
gence to,il. 83 et aeq. ; peculiarity re- 
garding the eye in, 281. 

Involuntary action, difficulties of dis- 
tinguishing between, and voluntaiy, 
ii. 171 : capability of controlling, 190 ; 
cases illustrating this, ib. et seq. See 
also Voluntary. 

nervous phenomena, the so- 
called, ii. 145. 

Iris of the eye, the, ii. 275; oases of 
power of voluntary contraction of, 
190. 

Iris x>ersica, how its odour affects differ- 
ent persons, ii. 266. 

Irish, the, their diet a non-nitrogenoas 
one, i. 67. 



peasant, food of the, contrasted 

with that of the London alderman, L 

41. 
Iron, as an alimentary principle, i. 119 ; 

in the blood, 197. 
Itching, the sensation of, due to the 

nerve-filaments of the skin, ii. 245. 

Jacob's membrane in the eye, ii. 279. 

Jacubovitch, researches of, on the ac- 
tion of saliva on starch, i. 161 ; vlow^s 
of, on the nerve-cells, of the spinal 
chord, il. 138. 

Jamaica, clay-eating In, i. 43. 

Java, clay-eating in, i. 44. 

Jeiunum, the, i. 178. 

Jellies, nutritive powers of, i. 104. 

Jew, tne permanency of the peculiari- 
ties of, ii. 315. 316. 

Jockeys, use or fish by, 1. 136. 

Johnston on odours, 11. 265 note. 

Jones. Dr. Bence, on the importance of 
salt to the organism, i. 86. 

Wharton, on the blood discs, 1. 

202 note. 

JouffVoy on sounds and their influ- 
ences, ii. 58. 

Jugular vein, injection of sugar into 
the, i. 95. 

Kamtschatka, clay-eating in, i. 44. 
Kant, definition of life by, ii. 855. 
Kid, flesh of the, i. 123. 
Kidneys, the, water removed by, i 29 ; 
as an article of diet, 129 ; pec uliarity 
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of the venous blood in, 218 : in the fish, 
263. 

King, transfuBion of blood by, i. 223. 

Kirby and Spence, experiment on pro- 
longation of ineect life from, ii. 370. 

Kitto, Dr., on the muscular adjust- 
ments necessary to sx>eech, ii. 242. 

Klaproth on the effects of race on he- 
reditary transmission, ii. 340. 

Kolliker on the blood discs, i. 201 : ex- 
periments by, on the action of the 
Woorara poison on the nerves, ii. 74 ; 
on the spinal chord, 186 note, 138 ; his 
mode of making microscopic prepara- 
tions, 229, 280. 

Konigsbaden, use of horse-fiesh at, i. 
131. 

Laviatjb, the, rejected by the ox, i. 50. 

Labillardidre, account of clay-eating 
by, i. 44. 

Labyrinth of the ear, the, ii. 268, 271. 

Lacteals, the,l. 255 : their position, 6cc.. 
186, 187, 259. 

Lallemand, views of, on the connection 
of the cerebrum and spinal chord, ii. 
106.; and on the spinal chord, 195. 

Lamb, difference between, and mutton, 
1. 124 ; time in which digested, 127. 

Lamprey, proportion of the brain to the 
spinal chord in the, ii. 226. 

Lamoisi, seat assigned the sensorium by, 
ii. 42. 

Landry, M., views of, on voluntary and 
involuntary actions, ii. 192 note; 
view» of, regarding the spinal chord, 
198 nots, 206 note. 

Large intestines, what, i. 178. 

Larrey, testimony of, in favor of horse- 
flesh, i. 130, 131. 

Laughing, sometimes voluntary, some- 
times involuntary, ii. 173. 

Lavigne, M., case or prolonged fasting 



recorded by, i. 11, 12. 

AVOU 

285. 
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Lavousier, his theory of respiration, i. 



Lawes and Gilbert, Messrs., onLiebig's 
classification of food, i. 59 ; ezx>eri- 
ments by, on feeding sheep on tur- 
nips, 67 ; on effects or temperature as 
to feeding of animals, ib. ; their ex- 
periments on feeding of animals, and 
reBnIts,76 : on the necessity of inor- 
ganic substances, 81. 

Laycock, Dr., views of, on the brain as 
a centre of reflex action, ii. 166 ; on 
the phenomena of hydrophobia in 
connection with it, 167 et aeq. 

Leblano, analysis of vitiated air by, i. 
287. 

Leech, effect of bite of, on the blood, i. 
210. 

Leeuwenhoek on fish as an article of 
diet, i. 135 ; on the selection of diet, 
137 ; on the blood discs, 198, 200 ; dis- 
covery of the capillaries by, 253. 



(* Leg asleep," sensation of, how caused, 
ii. 254. 

Legallois, views of, on respiration, i. 
2^ ; views of, on the spinal chord, ii. 
194. 

Lehmann on the production of flbiine, 
i. 102 ; on sugar in the egg, 114 ; on 
fish as an article of diet, 136 : experi- 
ments of, on the action of coffee, 143 ; 
on the effect of water on the gastric 
juice, 171 ; on the solvent power of 
the gastric juice, 174 ; analysis of 
blood by, 213, 214 ; estimate of quan- 
tity of the blood by, 221 ; experiment 
by, regarding the nervous character 
of the retina, ii. 279. 

Lejoncourt, M., on congenital longevi- 
ty, U. 325. 

Lens of the eye, the, ii. 276. 

Lentils, nitrogen in, and their nutritive 
value, i. 66. 

Leuchs, discovery of the chemical ac- 
tion of the saliva by, i. 169. 

Levy on the non-nutritious properties 
of albumen, &;c., i. 65. 

Lieberkiihn's glands, i. 185. 

Liebig, examination of his classification 
of food, i.66et aeq. ; on the uses of wa- 
ter and fat in the organism, 62 ; error 
of his view, 63 ; on the nutritive value 
of beans, wheat, tec, 66 ; on that of 
rice, 68 *, on the dietary of cold and 
warm climates. 70 ; on the combusti- 
ble elements or the albuminous sub- 
stance, &c., 73 et seq. ; on the indls- 
pensability of inorganic substance, 
81 ; denial of the existence of salt in 
muscle by, 83 ; on caseine, 101 : nutri- 
tive power denied to sugar by, 113 ; on 
the action of alcohol, 118 : on the ne- 
cessity of iron to the body, 119 tw/c ; 
on the cooking of meat, 124, 125 ; on 
the quantity of food required, 147 ; on 
the relations of respiration and ani- 
mal heat, 357. 

Life,inadequacy of chemistrv to explain 
the problems of, i. 52 ; efiects of the 
interference of, with regard to food, 
89 ; processes of, in their relation to 
animal heat, 330: consciousness al- 
ways the property of, ii. 70; mind 
the psychical aspect of, 290 ; no antag- 
onism between sleep and, 293 ; dura- 
tion of, influence of hereditary ten- 
dency on, 324 ; contrast between ap- 
pearance of, and death, 844 ; su8X)end- 
ed animation, 346 ; the hypothesis of 
a vital principle examined, 347 et aea. ; 
the so-called vital force or forces, to. ; 
chemical analysis adverse to the doc- 
trine of the latter, 848 : its phenome- 
na dependent on conditions, ib. et aeq. ; 
it does not control chemical affinities. 
349; does it precede organisation f 
351; as dependent on vital unity, 
352; to be regarded aa on ultimate 
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fact, 858; identical with oxiBtouce, 
854 ; definition of it, 355 et seq. ; that 
of cells, 357 et stq. ; the entire life the 
aggregate of the cell-life, 358 ; its three 
laws, 359 ; these distingulsli the liv- 
ing ort^atiism f^om the inorganic 
IxMly, ib. et acq. ; vegetal and animal, 
860 ; infiuence of the external medi- 
um on it, 363 : error in supposing it 
indei>endcnt of this, 364 ; its duration, 
305 ; its four epochs, ib. ; why does it 
cease? 366; the excess of waste the 
cause of its decline, 869 ; death a ne- 
cessary issue, ib. ; determined hy its 
changes, 370; death as its terminal 
act, 871. 

Light, efi'eot of, on chemical affinity, i. 
90; analogy between, and sensation, 
ii. 63 ; sensibility to, distinct from 
seeing, 274. 

Limbs, rigidity of the, as a sign of 
death, ii. 875. 

Linnaeus, views of. on the influence of 
each parent in plants, ii. 826. 

Linseed, oil in, i. 109. 

Lips, tactile sensibility of the, Ii. 251. 

Liquor sanguinis, the, i. 207 ; analysis 
of it, 214. 

Liver, the, effects of starvation on, i. 
17 ; formation of Rugar by, 113 ; as an 
article of diet, 128 ; secretion of bile 
by, 178; Its position, &c., 186, 187, 
259 ; the capillaries on it, 196 ; circu- 
lation in It, 262. 

Livingstone, Dr., on the Eland, 1. 38 ; 
on the animal heat of the European 
and the negro, 337; case of animal 
heat after death from, 360. 

Llxiviation, effects of, on flesh, I. 124. 

Lizards, eflects of removal of cerebel- 
lum on, ii. 112. 

Localizing sensations, development of 
the power of, ii. 248 et seq., 252. 

London alderman, food of the, contrast- 
ed with that of the Irish peasant, i. 
41. 

Londonderry steamer, tragedy onboard 
the, i. 283. 

Longet, on death from hunger and 
thirst, i. 40; experiments of, on the 
clTects of removal of the cerebrum, ii. 
97 ; views of, on the cerebellum, 109 ; 
experiments on it. 111 ; on the effects 
of disease in the cerebellum, 115 ; 
views of, on the spinal chord, 195 ; on 
the so-called olfactory nerves, 262. 

Longevity, hereditary tendency to, ii. 
327 et aeq. ; current fallacy regarding, 
366 ; the alleged cases of, 370. 

Lower, transfusion of blood by. i. 223. 

Lucas on congenital longevity, ii. 325. 

Ludwig on perceived sensations, ii. 50 
note: on the effects of disease in the 
cerebellum, 114. 

Lungs, the, proportion of water in, i. 
29 ; position of, 186, 239, 259 ; breath- 



ing by, 288, 293 ; in man, 205 et seq. ; 

their capillaries, 296. 
Lymph, what, i. 256. 
Lj-mphatics, position of, 1. 186, 259; 

not known to Harvey, 237 ; their 

function, &c., 240 ; discovery of, 255. 

Macaroni, carbonaceous character of, 
i. 70. 

Maceration, process of, in digestion.!. 
157 : importance of, as regards tne 
food, 162. 

M'Leod, Janet, the case of, i. 12 et seq. 

M'Neill, Sir J., case of spectral illu- 
sion recorded by, ii. 284. 

Macnish on sleeping in church, &c., 
ii. 298. 

Magnus, the researches of, on arterial 
and venous blood, i. 216. 

Maize, albumen In, i. 100; gluten in, 
103 ; oil in, 109 ; sugar in, 112. 

Majendie on the non-nutritive qnali- 
ties of fibrlne, &c., i. 65 ; on the 
white of egg, 99 ; experiments by, 
on feeding rabbits, 145} the blood 
discs denied by, 199 ; views of, on 
the transfusion of blood, 224 ; on 
the so-called olfactory nerves, ii. 262. 

Male, the, the pulse in, i. 268 ; tem- 
perature of, 349. 

Malleus or hammer, the, in the ear, ii. 
271. 

Malpighl, the blood discs discovered 
by, i. 198 ; researches of, on conge- 
lation of the blood, 208 ; reception 
of Harvey's doctrine by, 252 ; dis- 
covers the capillaries, 253. 

Mammals, respiratory organs in, i. 
293; the cerebral development of, 
ii. 83 ; the cerebellum in, 114. 

Man, time in which death ensues from 
fasting in, i. 10; variety of dietary 
of, 122 ; the blood discs in, 200, and 
note ; respiration in, 295 et seq. ; the 
animal temperature of, 336 ; its con- 
stancy, 341 ; his power of adjustment 
to season, 353, 354 ; the systemic 
consciousnests in, ii. 71; average 
weight of the brain in, 88; effects 
of injury to the cerebrum in, 99: 
proportion of the brain to the spinal 
chord In, 226 ; action of the so-called 
muscular sense in, 238. 

Manhood, the life-epoch of, il. 365. 

Maniacs, cause of the sleeplessness of, 
ii. 299. 

Manx cat, progeny of the, ii. 330. 

Marcet, M., on the action of the bile 
on fats, I. 183. 

Mare, influence of, in horse-breeding, 
ii. 327 ; et seq. ; curious case of a, in 
connection with hereditary trans- 
mission, 838. 

Margo on pulsation of the heart after 
death, i. 272. 
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MaroUe on hybrids between wolf and 

dog, ii. 324. 
Marriage, the question of, in connec- 
tion with hereditary taint, ii. 343. 

Marsch on hybrids oetwccn wolf and 
dog, ii. 324. 

Martins, M., observations of, on animal 
heat, i. 345 ; on the influence of sex 
in temperature, 349 : and of food, 
350,352. 

Martins, account of clay -eating by, 1. 
43. 

Mateucci on the heat originated by 
muscular contraction, i. 358. 

Mayer on the blood discs, i. 201 : seat 
assigned the sensorium by, if. 42. 

Mayo, Dr., on the effects of division of 
the spinal chord, ii. 215 : on sight and 
muscular adjustment. 243. 

Meals, proper interval oetween, i. 192, 
193. 

Meat, fat in, i. 109 ; various kinds of, 
as articles of diet, 123 et »eq. ; action 
of cooking on, 125 et seq. ; digesti- 
bility of various kinds, 127. 

soup, comparison between, and 

bone soup, i. 107. 

Mechanical process, the, in digestion, 
i. 157. 

stimuli, sensation of taste ex- 
cited by, ii. 256. 

Mechanism, analogies between the 
animal organism and a, ii. 141 et seq. 

Medulla Oblongata, position of the, ii. 
81 ; olivaiy bodies of, 82 ; weight of, 
in man. 88 ; functions of the, 121 ; 
its relations to the spinal chord, 122 ; 
its structure, &c., ib. ; views on it, 
124 ; a centre of sensation, ib. ; the 
centre of the nerves of respiration, 
128 ; why its destruction causes 
death, t6. ; the 8upx>osed fatal point 
in, ib.; effect of irritation of it on 
the heart, 129 ; reason why its re- 
moval affects voluntary movement, 
161 ; its essential identity of struc- 
ture with the spinal chord, 199, 200. 

MeduRa, shipwreck of the, the dreams 
of the sufferers, ii. 312. 

Meissnor, the tactile corpuscles of, ii. 
248 et seq. 

Memory, influence of pressure on the 
cerebrum on, ii. 93, 95, 96. 

Men, respiration in, compared with 
women, i. 300. 

Mental phenomena, grouping of. In re- 
lation to the nervous system, il. 104 
et seq. 

Mesenteric ganglia, the, i. 186, 259. 

Mialhe, researches of, on the action of 
the saliva on starch, i. 160. 

Microscope, value of, in physiological 
investigations, ii. 151. 

Microscopic preparations, best modes 
of, ii. 229. 

Milk, on, as a standard of food, i. 95 ; 



analysis of it, 96 ; casoine in, 101 ; fat 
in various kinds of, 109. 

Milne-Edwards on the vitality of the 
blood, i. 206. 

Mind, the, the brain not exclusively 
its organ, Ii. 11 ; what It includes, 12 ; 
the psychical aspect of life, 290. 

Mineral substances, proportion of, in 
the body, and their importance, i. 80. 

Mitchell, James, keenness of the sense 
of smell in, ii. 267. 

Moisture, presence of, necessary to 
taste, ii. 258. 

Molecular death, what, and its con- 
stancy, ii. 372. 

Moleschott on Mulder's discovery re- 
garding albumen, i. 92 ; on the for- 
mation of albumen within the organ- 
ism, 108 ; on the action of alcohol, 
118 ; on the colourless corpuscles of 
the blood, 205. 

Molidre, reception of Harvey's doc- 
trine by, I. 251. 

Mollusca, absence of coagulation in 
blood of, i. 208 ; respiratory organs 
in, 293 ; nervous system of, com- 

f>ared with that of the insect, ii. 86 ; 
imited sensibility of^ 235. 

Monotony, tendency of, to induce sleep, 
ii. 298. 

Morean, M., on hereditary insanity, 
ii. 325. 

Morgagni, cases of noncoagulable 
blood reported by, i. 209. 

Mother, on the relative influence of, 
ux)on the offspring, ii. 326 et seq.; 
the assertion that genius is derived 
from, 335. 

Motion as a source of waste in the 
animal body, i. 15. 

Motor function, proof of, in the pos- 
terior nerves, ii. 40. 

nerves, are there such as dis- 
tinguished from sensory t ii. 29 ; 
what, 80; proved to be also sensory, 37. 

Mouse, proportion of the brain to the 
spinal chord in, ii. 226. 

Mouth, the, what takes place to the 
food in, JL 157 ; its membrane held 
by Valentin to be the organ of taste, 
ii. 254. 

Mulder, the discovery of, regarding 
albumen, 1. 92 ; on the nutritive 
power of gelatine, 104 ; on the assim- 
ilation of gelatine, 108. 

Mule, the, as influenced by the father 
and the mother, ii. 326, 328, 333. 

Miiller on sensation and attention, il. 
50 ; on the experiments, &c., of 
Flourens, 100 ; views of, on the 
medulla oblongata, 124; share of, 
in the reflex theory, 146 ; on reflex 
action in connection with sensation, 
153 ; on voluntary motions, 178 ; on 
volition, 180; views of, as to tho 
organ of taste, 254 ; on after-taste 
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of Bweet flag, 258 ; on ezoitation of 
taste throngh the blood, 269 ; on the 
effect of certain Bounds, 273 ; on the 
reetorative power of sleep, 308. 

Mammy wheat, the germination of, ii. 
846. 

Muscle, proportion of fat in. i. 61 ; dif- 
ferent views of the chemist and the 
anatomist on, 62 ; all its constituents 
essential to, ib. ; salt present in, 84 ; 
the nerves which move, frc., ii. 87. 

Muscles, the, effects of starvation on, 
1. 18 : action of different poisons on, 
ii. 74; sensations derived through, 
290 : activity of, during sleep, 294. 

Muscle-nerves, what, ii. 41 : proof of 
sensory as well ns motor action of, 38 ; 
action of the Woorara poison on, 73. 

Muscovy duck, x>«culiaritleB in hy biids 
of the, ii. 330. 

Muscular adjustment, relations of 
sight too, U. 242. 

contraction, heat originated by, 

i. 358. 

co-ordination, is the cerebellum 



the seat of? ii. Ill et seq. 

exertion, influence of, on per- 



spiration, i. 839. 

flbre, contractility the property 



of, ii. 28. 

movements, relations of the 

cerebellum to, ii. 112. 

sense, tne, nerves connected 

with, ii. 88 ; sensations derived 
through, 64: when these become 
perceived, to.; the so-called, 237, 
238 et seq. ; various views regarding 
it, 239 ; exx>crimeDtB illustrating it, 
240 et seq. 

syBtcm, analogy drawn be- 



tween, and the nervous, ii. 169. 
Muscullne or syntonin, what, i. 100, 209. 
Music, nature of the eflect of, ii. 272 

et seq. 
Musical ear, the, how distinguiBhed 

from the unmusical, ii. 272. 

note, definition of a, ii. 272. 

Musk, how it aflectB the sense of smell, 

ii. 265 ; ofiensive to some, 266. 
Mutton, case in which poisonous, i. 

48 ; dift'erence between, and lamb, 

124 ; time in which digested, 127, 128. 

Napolkon, command over sleep pos- 

Bessed by, ii. 298. 
Narcotics, physiological action of, i. 

143 : effects of, on respiration, 300. 
Narwnal, temperature of the, i. 331. 
Nasse on the blood discs, i. 202 note; 

views of,on the spinal chord,ii. 196,197. 
Natural death, what, ii. 372, 373. 
Nature, balance of, as regards carbonic 

add and oxygen, i. 319. 
Navy, dietary in the, i. 152. 
Negro, tlie animal heat of the, i. 337 ; 

constancy of breed in the, ii. 316. 



Negroes, clay-eating amons the, i. 43. 

Nerves, the, activity of change in, i. 
226 ; as part of the nervoos system, 
ii. 16 ; tne comparison of them to 
telegraphic wires, 20 ; are they con- 
ductors, and of what ? ib, et seq, ; 
proof they are j^ossessed of force 
apart from their centres, 22; dis- 
tinction between the function and 
property of, 26 ; the distinction be- 
tween sensory and motor, ib. 20 et 
seq. ; distribution of their roots on 
the spinal chord, 36 ; causes of their 
differences of action, ib. et seq, ; pain 
the result of direct stimulus to, 87 ; 
effect of dividing the posterior, 88 ; 
the anterior in relation to muscu- 
lar seuBibility, 39 ; the special sen- 
sibilities of, 1*6. et seq. ; the motor 
function of the posterior, 40 ; poste- 
rior and anterior, both at once sen- 
sory and -motor, -41; more strictly 
distinguished into muscle and skin 
nervee, ib. ; and nerve-centres, gene- 
ral statement of proi>08itions regard- 
ing, 75, 76; their nenrility excited 
by electric disturbances, 244. 

Nerve-cells, what, ii. 16, 17; of the 
spinal chord, 138. 

centres, property and ftmo- 

tions of, how determined, ii. 76; 
microscopic preparations of, 229; 
sensations, tne activity of the, 
234. 

fibres, description, A^., of, ii. 



16, 17 ; neurility as the property of, 
16, 28 ; sensibility stimulated in the 
nerve-centres by, 29. 

filaments of the skin, their sen- 



BitiveneBB, ii. 245; varying degrees 
of this, and these not dependent on 
their number, 246. 

force, nature of the, ii. 14. 22. 

tissue, composition of, ii. 16 



water in, i. 30 ; similarity of, in all 

animals, ii. 45. 
Nervous centres, the influence of, on 

each other, ii. 128, 129. 
diseases, congenital tendency 

to, U. 325. 

fluid, the, the old hypothesis of, 



ii. 15. 



Shenomenn, Marshall Halloa 
cation of, ii. 145. 
sensibility, analogy between, and 



muscular contractility, ii. 69. 

substance, resistance of, to 



starvation, i. 17. 

system, the, effects of thirst on. 



i. 40 note: influence of, on digestion, 
189 ; study of it a physioloj^cal prob- 
lem, ii. 11 ; it all implicated in 
sensation, &c., ib.; ite structure, 16; 
in different classes of animals, 45 ei 
seq. ; the theory of reflex action ex- 
amined, 145 etseq.; analogy between, 
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and the mascnlar, 169 ; general con- 
neotion among its centres, 176. 
Neurility, definition of. ii. 15, 23 ; the 
property of nerve-nbre, 28 ; the 
common property of all nerves, 76; 

Sroof of excitement of, by electric 
isturbanoe, 244. 
New Caledonia, clay-eating in, i. 44. 
New Zealanders, the, fish-eaters, i. 137. 
Night, eflTects of, on respiration, i. 323. 
Nitrogen, proportion of, not the meas- 
ure of nutritive value, 1. 66 ; feeble 
afilnity of, for oxygen, 73; com- 

id " " 



prison of flesh and fish as regards, 

137 ; proportion of, in the blood, 212 ; 

and in air, 286. 
Nitrogenous foods, Liebig's, i. 67. 
matter, small proportion of, in 

milk, i. 96. 

substances, true relations of, to 



the body, i. 60 ; Liebig on them, 64 ; 
their proportion in the body, ib. 

Noble, Dr. , views of, on the cerebel- 
lum, ii. 120 note; on the optio tha- 
lami, fcc, 121 note. 

NoBud Vital of Flourens, the, ii. 128. 

Non-nitrogenous bodies, disproof of 
their being merely heat making, i. 
70 ; Liebig* s, 67 ; true relations of, to 
the body, 69. 

Nose, the, its tactile sensibility, ii. 
261 ; as the medium of smell, 269. 

Nucleus, the, in the blood discs, i. 
201 et sea. ; and nucleolus of the cell, 
it. 367. 

Nutrition in plants and animals, fal- 
lacy regarding, i. 78: oxygen the 
agent of, in the blooa, 228 et seq.; 
relations of blood to, 231 et aeq; exa- 
mination of the hjrpothesis that it 
goes on chiefly during sleep, 11. 301 
et seq. ; the law of, as one of the laws 
of life, 369. 

Nutritive material, quantity of, car- 
ried by the blood, i. 196. 

value, influence of the organism 

on, i. 146. 

Oats, albumen in, i. 100; gluten in, 

103. 
Oatmeal, sugar in, f. 112. 
Observation, distinction between, and 

scientific explanation. 1. 166. 
Ochsenhaasen, sale of norse-flesh at, i. 

182. 
Ocular spectra, cases and theory of, ii. 

282 et aeq. 
Odours, different estimates formed of, 

ii. 266. See Smell. 
(Esophagus, the, its action on the 

fo(Ml, 1. 164; its position, &o., 186, 

187, 269. 
Oil, consumption of. In Sicily, frc.,i. 70. 
Oils and fats, necessity of, in food, i. 

97 ; different digestibilities of, 110. 
Oily fishes, the, 1. 134. 



Oily seeds, albumen in, i. 100. 

Ola age, amount of sleep required 

during, ii. 301 ; the life-epoch of, 

366; peculiarities attending, 868 

et aeq. 
Olfactorius, the, ii. 269 ; not a nerve, 

260. 
Olfactory ganglion, the, ii. 82. 
nerves, the so-called, 11. 269 ; 

doubts as to their being so, 260 et 

aeq.: case in which the sense of 

smell was possessed in their absence, 

263 et aeq. 
Olivary body of medulla oblongata, the, 

11. 82, 122, 123. 
Olives, effects of, on flavour of wines, 

II. 268. 
Olive seeds, oil In, 1. 109. 
Oncidium, respiratory oi^^ans in the, 

1.293. 
Optic nerve, the, 11. 122; its special 

sensibility. 39; the effect of pres- 
sure or irritation on it, 274. 
thalami, the, by some included 

in the brain, ii. 82 ; functions of, 121. 
Orator, effect of the tones of the, ii. 

272. 
Organs, made up of tissues, I. 3 ; life 

of, after death, ii. 373. 
Organic or vegetative life, Bich&t's 

classification of, il. 360. 
principles, necessary in the 

soil to plants, I. 78. 

sensations, what, il. 237 et aeq. 

sensibility, the so-called, il. 68. 

substances, chemical analysis of, 

adverse to the doctrine of a vital 

force, ii. 848. 

unity, death the destruction of 



the, ii. 37L 

Organisation, proof that it is inherited, 
if. 316 et aeq. ; transmission of pecu- 
liarities of, 320 ; examination of the 
question as to whether life precedes 
it, 361; definition of it, and of the 
relations between it and life, 362. 

Organism, the constancy of waste and 
repair in, i. 3; necessity of the 
food being adapted to it, 49 et aeq. ; 
its influence on the food received, 60 ; 
inorganic substances indispensable 
to it, 77 et aeq. ; uses, dbc, of water in 
it, 82 : influence of relation to, on 
nutritive value of food, 146 ; the in- 
tervention of, as regards respiration, 
307 ; its power of adjusting itself to 
the seasons, 363 ; regarded as a vital 
mechanism, ii. 141 et aeq. : develop- 
ment of sensibility with its increas- 
ing complexity, 236; the repair of 
it a continuous process, 302; its 
death, as distingmshed from that 
of the parts, 372. 

Orton, Mr., views of, on the relative 
influence of each parent, ii. 826, 828 
et aeq. 
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Osmazome, what, i. 123: -want of, in 
flsb, 136. 

Otomace, clay-eatini^ among the, i. 43. 

Owejannikow, vlewit of, ou the Bpiiial 
chord, il. 199, note. 

Ox, the, i>lant« rejected by, i. 50 ; ite 
flesh, 124. 

Ox-blood, chemical composition of, i. 
212. 

Ox-head bones, fat in, i. 109. 

Ox-liver, albumen in, i. 99 ; fat in, 109. 

Oxidation witJiin the body, Lieblg's 
views of, i. 68 ; theory of respiration 
being a process of, 315 ; internal, the 
alleged cause of animal heat, 356. 

Oxygen, proportion of, in the blood, 
i. 212 ; its proportion in venous and 
arterial blood, 216; its ori0n, 217; 
absorption of, by the blood-cells, 228 ; 
its function in the blood, ib. et seq. ; 
proportion of in air, 286; the ab- 
sorption of. by the blood, the office 
of respiration, 289, 291 ; necessary 
to development, 291 ; effects of, on 
the separated tail of the tadpole, 
292; absorption of, in respiration, 
298 ; its state in the blood, 301 ; re- 
lative proportion of, necessary to res- 
piration, 309 ; how returned to the 
atmosphere, 319 et seq. ; relations of, 
to odorous gases, il. 266. 

Oyster, the, as an article of diet, 1. 
135. 

Paget, Mr., on the nutritive relations 
of the blood, i. 232. 

Pain, the result of direct stimulus to 
the nerves, ii. 37; the sensation of, 
125, 247 ; influence of, on the action 
of the heart, 130. 

Palate, the, shewn not to be the organ 
of taste, ii. 255. 

Pallas on hybrids between wolf and 
dog, ii. 334. 

Pancreas, function of the, i. 183 ; its 
position, 186, 269. 

Pancreatic juice, action of the, i. 183. 

Papillae, the, i. 29. 

Papin, process of, for extracting gela- 
tine from bones, i. 105. 

Parents, caution to, regarding diet of 
children, i. 49; qualities inherited 
from, ii. 314 ; contradictory views on 
the subject, ib. et seq. ; those of Mr. 
Buckle examined, 315 ; permanency 
of breed, 316 et seq. ; constancy in 
transmission of general, and varia- 
tions in that of individual, peculiari- 
ties, 317 ; diversities of character in 
families, 317 ; inheritance of peculi- 
arities, 318 ; transmission or acci- 
dental defects, &c., 319; theory re- 
garding this, 320; transmission of 
acquired habits, 321 ; possible coun- 
teracting influence of one parent, ib. 
et seq. ; transmission of vices, 322 ; 



of longevity, 824 ; of tendency to in- 
sanity, 325; on the resi)eouve in- 
fluence of each, 326 et seq. ; trans- 
mission of deformities, 334; the 
children of great men, 335 et seq.; 
both parents represented in tbe * 
children, 337; a priori deductions, ib. 
et seq. ; perturbing causes, 338 ; ata- 
vism, ib.; individual potency, 339: 
influence of race, 340 ; results of dif- 
ference of age, vigour, &c., in the 
parents, 341 ; general summary on 
the subject, ib. et seq. ; marriage in 
connection with hereditary taint, 
342. 

Paris, Dr., on pastrv, i. 138. 

Parizot, M., case of prolonged fasting 
reported by, I. 12. 

Parotid gland, position, &c., of, i. 186, 
187, 259 ; and secretion, 159. 

Parry, Captain, on the gluttony of the 
Esquimaux, i. 150. 

Parts, death of the, ii. 372 ; before act- 
ual death, 874. 

Pastry, as an article of diet, i. 138. 

Pat in, Guy, opposition of, to Harvey, i. 
251. 

Paton, Dr., views of, on the spinal chord, 
ii. 198 note. 

Paxton, Dr., voluntary contraction of 
the iris by, ii. 190. 

Payen, analysis of rice by, i. 68 ; exper- 
iments by, on feeding with blood, 95. 

Peach, sugar in, i. 112. 

Pears, sugar in, i. 112. 

Peas, nitrogen in, and their nutritive 
value, i. 66; gluten in, 103 ; sugar in, 
112. 

Pecquet, discovery of, regarding the 
lymphatics, i. 257. 

Pecquct's reservoir, position, &c., of, i. 
186, 187, 259. 

Peculiarities, hereditary transmission 
of, ii. 322. 

Pepsin, present in the gastric juice, i. 
166 ; ettects of heat on, 170. 

Peptones, what, i. 167 ; conversion of 
the albuminous substances into, 104. 

Peptone-albumen, properties of, 1. 169, 

Perception, distinction between, and 
sensation, ii. 52 ; illustration of its rela- 
tions to the latter, 53 ; can sensation 
exist without ? 69 ; importance of the 
distinction between it and sensation, 
66 et spq ; origin of, in sense-sensa- 
tions, 104 ; the blending of thought 
with, 289 ; gradual loss of power of, 
in sleep, 295. 

Pereira, proportion of gluten in grain. 
&c., from, i. 103 ; on the influence of 
fats on formation of bile, 110 ; on the 
alleged eftocts of fish as regards pro- 
lificness, 136 ; tables of dietaries from, 
152. 

Persoz, experiments of, on feeding 
geese, i. 75. 
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PeMpiralion, moietare thrown off in, i. 

28 ; apparatus for, 339 ; its influence, 

&c., 340 et 8eq. 
Perspiring, case of voluntary twwer of, 

ii. 191. 
Peru, clay-eating in, i. 43. 
Peruvian Indians, keenness of sense of 

smell in, ii. 267. 
Pesserais, the, a fish-eating race, i. 137. 
Peters, Dr., cases of non-coagulable 

blood, reported by, i. 210. 
Peyer's glands, i. 185. 
Pflfiger,£!., views of. on the spinal chord, 

ii. 197 ; on choice in sleeping children, 

206 : exx>eriments on decapitated frog 

as illustrating choice, 210. 
Philip, Dr. "W.. views, &c., of, on the 

spinal chord, ii. 195« 
Phosphate of lime, proportion, &c., of, 

in the body, i. 80 ; proportion of, in 

milk, 96. 
Phosphates, Liebig on the, i. 66. 
Phosphorus, effects of combination with 

nitrogen on, i. 73 ; as an alimentary 

principle, 120. 
Phrenology, anatomical difflculties at- 
tending, ii. 103. 
Physical laws inadequate to explain 

chemical phenomena, i. 63. 
Physiological laws, distinction between, 

and chemical, i. 55. 
Physiologists, error of, regarding " un- 
conscious sensibility," ii. 62. 
Physiology, true relations of chemistiy 

to, i. 52 ; relations of, to psychology, if. 

10 ; importance of a knowledge of, 378. 
Pichegm, alleged small amount of sleep 

taken by, ii. 800. 
Pig, time in which digested, i. 127. 
Pigeon, muscle of, albumen in, i. 99; 

proportion of the brain to the spinal 

chord in, ii. 226. 
Pigeons, effects of removal of the cere- 
brum on, ii. 94, 97. 
" Pins and Needles," sensation of, how 

caused, ii. 254. 
Pitch of sound, what, ii. 271. 
Plants, nutrition in, fallacy regarding 

it, i. 78 ; cause of motion of sap in, 275; 

influence of respiration of, on air, 286 ; 

influence of, on the atmosphere, 319 ; 

development of heat in, 334, 335 ; the 

so-called sleep of, ii. 291 ; iiifluence of 

each parent in, 326 ; the potency of 

race shewn in, 340 : vegetal life in, 

common to them ana animals. 360. 
Plantain, the, productiveness or, i. 139. 
Plasma of the Wood, the, i. 207. 
Plastic or tissue-making foods, Liebig^s 

classification of, i. 57. 
Plateau on the duration of impressions 

on the eye, ii. 285. 
Plongeau, M., case of prolonged fasting 

reported by, i. 12. 
Pnenmogastrio nerves, influence of, on 

the heart, ii. 130. 



Pointer, the, why it hunts with its nose 

to the ground, ii. 268. 
Poisons, different actions of, as regards 

the nerves, ii. 74. 
Poisoning, alleged relations of taste in 

the lower animals to, ii. 257. 
Poisonous plants, eaten by animals, i. 

50. 
Polar regions, alleged greater consump- 
tion of heat-producing food in, i. 70. 
Polype, influence of light on the, ii. 

274. 
Ponmier, the experiments of, on starva- 
tion, i. 9. 
Pons Varolii, the, in the brain, 11. 81, 

122 ; ganglion of, 82 ; relative weight 

of, in man, 88. 
Porcupine, the, its power of abstinence 

from water, i. 39 ; quills of, how 

raised, ii. 40. 
Pork, time in which digested, i. 127, 128. 
Portal, case of abuse of vinegar from, 

i. 121. 
Portal vein, the, i. 187, 259 ; injection of 

sugar, &c.. Into it, 95 ; destitute of 

valves, 249 ; in the fish. 263. 
Posterior nerves, motor mnction of the, 

ii. 37 ; proof of this, 40. 
Potatoes, gluten in, i. 104. 
Potter, Mr., illustration of sensation 

under chloroform by, ii. 61. 
Pressure, the sensation of, ii. 246. 
Priestley, the discoveries of, regarding 

air, 1. 285 ; the experiments of, on 

combustion and respiration, 316. 
Prochaska, views of, on the sensorium, 

ii. 43 ; his views as to reflex action, 

146, 147, 166 ; and on the spinal chord, 

194. 
Property, distinction between, and func- 
tion, ii. 25 et seq. : Illustration of tho 

relations of function to, 85. 
Protein bodies, the so-called, i. 102. 
Proteus, power of abstinence of the, i. 

10 ; its blood discs, 200. 
Prout, Dr., case of mutton being poi- 
sonous, given by, i. 48 ; on milk as a 

standard of food, 95. 
Prussic acid, effects of, on the blood, i. 

313. 
Psychology, relations of, to physiology, 

ii. 10; definition of it, «6. 
Puff-paste, indigestible, i. 138. 
Pulmonary artery, the, i. 187, 259 ; and 

veins, i. 238, 239, 240. 

lobules, the, in man, i. 295. 

Pulse, use oi^, among the Hindoos, i. 

68 ; insufficiency of. eaten alone, 69. 
the, average of, at different ages, 

i. 268 ; cause of it, 269. 
Pupil of the eye, the, ii. 275. 
Putrefaction, action of the gastric juice 

in arresting, i. 170 ; as a sign of death, 

ii. 377. 

QuADRVMAMA, the blood discs in, i. 200 
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Qaadmpodfl, tho Uood discs in, i. 198, 

200. 
Qualitative and qoantitative, diatinc- 

tion between, In connection with 

pliysiological and chemical laws. i. 65. 
Qualities, the hereditary tranemiMion 

of, ii. 314 et sea. See Parents. 
Quality of sound, what, ii. 271. 

Babbits, experiments on feeding of, i. 
145. 

Race, influence of, on transmission of 
qualities, il. 340. 

Reaumur, experiments by, on digestion, 
i. 105 : experiments of, on prolonga- 
tion of insect life, Ii. 869. 

Rectum, the, i. 178. 

Redford, Mr., case of animal heat after 
death from, i. 360. 

Redi, experiments by, on death of birds 
by starvation, 1. 16. 

Reflex action and feeling, illustrations 
of, ii. 55 et acq. ; action, what, 140 ; the 
theory of it. and examination of this, 
145 et seq. ; its error in assuming these 
actiouA to be independent of sensa- 
tions, 147 ; the views of Prochaska, 
ib. et seq. ; those of Mr. Grainger, 151 ; 
destitute of anatomical basis, 152 : 
Muller on it, 153 ; is sensation present 
in ? ib.; arguments against theory from 
sensation in headless animals, 154 et 
seq, : observation of Ilall on headless 
turtle, 157 ; refutation of his conclu- 
sions, 158 ; observations in support of 
It on division of spinal chord, and criti- 
ciHms on these, 162 et seq.; in the 
brain, 1G6 et seq.; phenomena of hy- 
drophobia in connection witli it, 167 
et seq.; reference of the movements, 
&c., of decapitated animals to, 201. 

— libres, Mr. Grainger's supposed, 

ii. 151 ; Schrceder van der Kolk's, 152. 
and reflected impressions, tho 



current views regarding, ii. 47. 
nervous phenomena, tho 



so- 
called, ii. 145. 

Reflex theory, the modern, ii. 43 ; how 
tlie spinal chord is regarded by, 193, 
196 : spontaneity in decapitated an- 
imals aenied by its supporters, 205. 
See also Reflex action. 

Regnault, experiments by, on respira- 
tion, i. 309 ; on tho chemical theory 
of animal heat, 358. 

Retnak on the ganglionic system of the 
heart, i. 270 ; on its pulsation after 
death, 273. 

Renal veins, the, destitute of valves, i. 
249. 

Renaul, M., experiment by, on horse- 
flesh, i. 132. 

Repair, constancy of, in the organism, 
i. 4 ; its inequality with waste the 
cause of the decline of life, ii. 369. 

Reptiles, the blood discs in, i. 200; no 



valves in the veins of, 249 ; resT^ra* 
tory organs in, 293 ; the cerebral de- 
velopment of, ii. 83 : relative wei^t 
of brain and spinal chord in, 88. 

Reproduction, the diflferent fonna of, iL 
337 ; the law of, as one of the laws of 
life, 359. 

Respiration, the air breathed, i. 286; 
the breathing mechanism, 287 ; defi« 
nition of it, u). et seq. ; variety of or* 
gans for, 293; illustrated fh>nx the 
triton, 294 et seq. ; in man, 296 et seq. ; 
efllacts of tight-lacing on, 297 ; altera- 
tion of the air in it, 298 ; neoeaaity of 
ventilation to, 301 ; experiments shew- 
ing this, 303 et seq. ; it a vital prob- 
lem, 306 ; theories of, examined, 316 
et seq.; varieties in animals as re- 
gards, 322; eff'ects of sleep, 323; of 
temperature, 324; alleged depend- 
ence of animal heat on, 366 et seq.; 
relation between them, 361 ; the me- 
dulla oblongata the centre for the 
nerves of, ii. 128 ; function of, contin- 
uous, 362 ; cessation of, as a sign of 
death, 376. 

Respiratory foods, Llebig's classifica- 
tion of, i. 58. 

nervous phenomena, the so- 
called, ii. 145. 

sense. Bain on a, ii. 237. 



Rete mucosum, the, i. 29. 

Retina, the, proportion of water in, i. 
30 ; as the medium of sight, ii. 274 ; 
its position, &;c., 275 ; the formation 
of images on it, and relations of this 
to sight, 277 et seq. ; examination of 
its structure, and proof that it is not 
on it images are formed, 278 ; is it 
nervous? 279 ; transparent during life, 
280 ; it insensible to light, ib. 

Rhinoceros, the black and white, differ- 
ent food required by, i. 60. 

Rice, analysis of, i. 68 ; its peculiarities 
as an aliment, 69 ; albumen in, 100 ; 
gluten in, 103 ; sugar in, 104 ; produc- 
tiveness of, 138. 

Richardson, Dr., on non-coagulable 
blood, i. 209 ; researches on the blood, 
211. 

Richerand, the blood discs denied by, i. 
199. 

Rickets, cause of, i. 80. 

Rigidity, as a sign of death, ii. 375. 

Riolan, the opponent of Harvey, i. 257. 

Roasting, action of, on meat, i. 125. 

Robin, C., on the blood discs, i. 202. 

and Verdeil, views of, as to oxi- 
dation of carbon in the organism, i. 
357. 

Rolando, hypothesis of, regarding the 
nerves, ii. 20 note. 

Ross. Sir John, on the relations of diet 
ana cold, i. 149. 

Rotifera, suspended animation in the, 
ii. 346. 
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Roughness, the sensation of, i1. 246. 

Rousseau, £!., on pulsation of the heart 
after death, 1. 273. 

- J . J., his argument for vegetari- 
anisni, i. 140. 

RudbecK, discovery of, regarding the 
lymphatics, i. 257. 

Ruminants, the blood discs in, 1. 200. 

Runge,yiews otpn the circulation,!. 252. 

Rush, on the effects of race on heredi- 
tary transmission, ii. 340. 

Russian hath, the, 1. 356. 

Ruysch, researches of, on coagulation 
of the blood, i. 208. 

Rye, albumen in, i. 100 ; gluten in, 103 ; 
meal, sugar in, 112. 

Rye, estimate of weight of food by,1.151. 

Bagabkt, "M... his experiments on trans- 
mitted qualities in plants, ii. 327. 

Bago, as an article of diet, i. 139. 

St. uilaire on horse-flesh as an article 
of diet, i. 130; error of, regarding 
Descartes and Harvey, 261 note ; on 
the influence of the parents as to col- 
our, it. 333 : on hybrids between wolf 
and dog, 334. 

St. Martin, Alexis, the case of, i. 103. 

Salamander, the, respiratory organs in, 
1. 293; observations on division of 
spinal chord of, ii. 164. 

Salamandra atra, the, i. 201. 

Saliva, the, action of, on the food, i. 
157 ; influence of, on the digestion of 
albuminous substances, 172. 

Salivary glands, the, i. 159 ; may be cut 
off, 161. 

Salmon, difficulty of digesting, i. 134. 

Salt, presence and importance of. in the 
boay, i. 83 ; uses of, in promoting en- 
dosmosc, 85, 86; its action concen- 
trated and diluted, 115. 

Suits, proportion of. in the body, and 
their importance, i. 80 ; amount of, in 
blood, 213. 

Salt bath, effects of, on thirst, i. 28. 

Samoyedes, gluttony of the, \. 148. 

Sanctorius, estimate of weight of food 
by, i. 151. 

Sap, Drakcr on the motion of, in plants, 
i. 276. 

Sauvagcs, cases of abstinence from 
liquids reported by, i. 39. 

Savart, M., on the lowest sound audible, 
ii. 272. 

Scarf-skin, process of the waste and re- 
pair of the, ii. 303. 

Schaffhausen, sale of horse-flesh in, 1. 
131. 

Scherer on inosite, i. 113. 

Schitf. Professor, on nervous sensibili- 
ty, ii. 37 note; experiments of, regard- 
ing the gray and white matter of the 
spinal chord. 41 note; experiments 
and views of, regarding the function 
of the cerebellum, 113 ; experiments 



of, on Flourens* vital point, 128 ; views 
of, regarding the spinal chord, 198 ; on 
the so-called muscular sense, 238 : on 
the so-called tactile corpuscles, 248 ; 
on sensation after amputation, 260, 
251. 
Schirraer, views of, as to organ of taste, 

ii. 265. 
Schmidt, experiments of, with regard 
to bats, &c., i. 73, 74 ; on the solvent 
power of the gastric juice, 174. 
Schouw, definition of the bread coun- 
tries, by, i. 140. 

Schroeder van dcr Kolk, his observa- 
tions on the gastric juice, i. 164, 173, 
views of, on the necessity of the brain 
to sensibility, ii. 78 note; as to the 
cerebellum and spinal chord, 113 note ; 
on the medulla oblongata, 126; and 
on the spinal chord, 136 andnoto; the 
alleged reflex fibres of, 151 et seq. ; on 
• Pfliigor's experiments on decapitated 
animals, 212 ; and on those of Szokal- 
ski, 219 ; his mode of making micro- 
scopic preparations, 230 ; views of, on 
the muscular sense, 239. 

Schultz, C. H., his views on tho saliva, 
i. 168. 

Schwann on the chemical action of the 
saliva, i. 169 ; application of the cell 
theory to animals by, ii. 357. 

Sciences, the, different classes of prob- 
lems submitted to each, i. 52. 

Scientific explanation, distinction be- 
tween, and common observation, i. 
156. 

Sclerotic membrane of the eye, the, ii. 
276. 

Scoresby, Rev. Dr., on spectral illu- 
sions, ii. 283. 

Scorpion, power of abstinence of the, 
i. 10. 

8cui*vy, causes of, at sea, i. 120. 

Sea anemones, the, digestion in, i. 157 
and note. 

Sea-hare, action of the intestinal iuice 
in the, i. 186 ; nervous system of the, 
compared with that of the insect,il.87. 

Sea-weeds, temperature of, i. 331. 

Seal, the, its power of abstinence, i. 10 ; 
ouantity of blood in, 222; excretory 
runction of the hair in the foetus, 232. 

Seamen, command over sleep possessed 
by, ii. 298. 

Seasons, the. Influence of, on animal 
temperature,!. 363 ei seq. 

Secretion, function of, not continuous, 
ii. 362. 

Sceberg and Ericksen on the so-called 
olfactory nerves, ii. 261. 

Seeing, relations of, to various muscular 
adjustments, ii. 243. See Sight. 

Sensation, mystery of, ii. 9 ; inconsist* 
ency of current views regarding, 48 
relations of, to consciousness, 49; 
proposed restriction of the term, 53 ; 
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illastraticn of reflex action following 
on, 60 ; the active state of senribility, 
67 ; can it exist witlioat perception f 
60; illustrations of it during sleep. 
60 et 9tq. ; distinction between, and 
iniprecsion and perception, 66; cir- 
cumstances whfcli actermine the 
kind of, 76; itn alleged dependence 
on the brain, 78 ; the cerelwllum as a 
seal of, 118 ; the \iew8 of Sir Charles 
Bell on, 126, 127 ; proofs of, in head- 
less aniinali*, 156, 206 €t 9eq. ; blending 
of thoucrht with perception in connec- 
tion with, 280. 

Sensations, the nerves which convey, 
ii. 37 ; the isolation of, by attention, 
61 ; illustration of this, 62 ; difference 
between consciousness of and atten- 
tion to them, ib. ; illustration of per- 
ceived and unperceived, 63 ; never 
self-terminating, 64 ; concurrence of, 
to form the general consciousness, 62 ; 
those which give rise to that of exist- 
ence, 63 ; those derived through the 
muscular sense, 64; the systemic, 
ib. ; alleged dependence of, on the 
cerebrum, 04; sense and systemic, 
105; Importance of guiding, in the 
animal mechanism, 143 ; action of, in 
exciting other sensations^ 176 ; influ- 
ence ot ideas of, in guidmg actions, 
186 ; definition of, 234 : how difl'erent 
kinds are determined, ib. ; special- 
ised bv different organs, ^£ib et seq. ; 
classiued into systemic and sense, 
236 ; ot^nic, 237 ; surface, 245 ; how 
those of touch are localised, 248 ; de- 
velopment of this power, 250, 252; 
subjective, relations of, to dreaming, 
307. 

Sense, the special organs of, difference 
between their BCDsibility and that of 
the skin, ii. 247. 

Senses, the, number of, ii. 232 et seq. ; 
objections to the number five, 233 ; 
difficulties regarding the number, 
234; the different organs specialise the 
sensations, ib. ; the muscular, 238; val- 
ue of, in warning against danger, 256 ; 
touch, 248 et seq. ; taste, 254 et seq. ; 
smell, 250 et seq. ; hearing, 268 etseq. ; 
sight, 274 et seq. ; dormancy of, during 
sleep, 202 ; partial inactivity of, dur- 
ing sleep, and relations of this to 
dreaming, 300 et seq. 

Sense-consciousuess, definition of the, 
ii. 72. 

Sense-sensations, relations of, to intel- 
lect, ii. 105 ; what, 236, 247 et seq.; un- 
due importance given to the, 200. 

Sensibility, definition of, ii. 15 ; the 
property of the nerve-centres, 20, 28 ; 
what it is, 24 ; the property of all 
ganglionic tissue, 28, 42 ; the current 
views of, as limited to the brain, 47 ; 
inconsistency of those regarding its 



relations to Bensatfoo, 48 ; the to- 
called unconsciouB, ib. ; general state' 
ment of the law of, 64; sensatioa 
the active state of. 57 ; the eiirrent 
classification of, Idto conscious sad 
unconscious, 68 ; nervous, analogous 
to muscular contractility, 89; tbe 
common property of all nerve-centres, 
76 ; circumstances which regolate the 
form of, ib.j tho current views of the 
necessity of the brain to it, 78 ; rela- 
tions of the cerebrum to, 101 ; popular 
subdivision of the forms manifested 
by tho latter. 102; hyitothesiB pro- 
posed regarding this, 108 et tea.; 
proof that it is common to all gan^a, 
166; analogy between, and muscular 
contractility, 169 ; the develoj^ent 
of, in connection with complenty of 
the organism, 236 ; activity of, dunng 
sleep, 204. 

Sensori-motor actions, the, ii. 168. 

Seusorium, x)osition of the, ii. 42. 

commune of the physiologists, 

the, Ii. 42 ; current views rcgax^iiif , 
77 ; of Prochaska, the, 147 et seq. 

Sensory and motor, the distinction of 
nerves into, ii. 26, 29 etwq. ; definition 
of, 30 ; examination of the question, 
34 et seq.; researches on, and tiieir 
results, 37. 

Sensory function, the anterior nerves 
proved to possess, ii. 40. 

Sepoy, the, compared with the Gaucho, 
i. 08. 

Serum of the blood, the, i. 207. 

Servetus, discovery of, regarding the 
circulation, i. 243. 

Sex, relations of, to animal heat, i. 849. 

Sheep, the plants rejected by, i. 50 ; ex- 
periments on feeding on turnips, 67 ; 
and on cross-breeding, ii. 340. 

Sheep's feet bones, fat in, i. 109. 

Slam, clay-eatiue in, i. 44. 

Siamese twins, difterence of character 
between the, ii. 317. 

Siberia, clay-eating in, i. 44. 

Sighing, what, i. 323. 

Sight, proofs of retention of, after re- 
moval of cerebrum, ii. 07 ; the sense 
of, 274 ; the eye as the organ of, ib. ; 
depcription of it, 275 ; various theories 
of, 276 ; error of the popular concep- 
tion, 277 ; the image on the retina not 
transmitted as such to the brain, ib. 
etseq.; where is the image formed? 
278 ; shewn to be not on the retina, 280 
et seq. ; Professor Draper's theory of 
it, 281 et seq. ; its Bul)jective charac- 
ter, 262 J ppootral illusions, ib. ; dura- 
tion of impressions on the eye, 286 ; 
single vision with two eyes, 286 et 
seq. ; cases of double, ib. ; why ob- 
jects are not seen inverted, 287. 

Simon, John, on tho blood, I. 94; eras 
of lire as defined by, ii. 365. 
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Binging, adJuBtment of the muscles in, 
how directed, ii. 242. 

Skin, the scarf and the true, i. 29; 
respiration by the, 288; the move- 
ment of the masoular fibres of, ii. 41 ; 
▼lews of Schlff, Aa.f on, in regard to 
the muscular sense, 239 ; universal 
sensitivity of, 245 ; different degrees 
of this, 246 ; its different forms, 
247 ; difference between it and the 
special organs of sense, ib.; cold- 
ness, dtc. , of the, as a sign of death , 375. 
nerves, what, ii. 41 ; unaffected 



by the Woorara poison, 73. 
Sleep, effects of extreme thirst on, i. 
40 ; effects of, on respiration, 323 ; 
illustrations of sensation during, ii. 
60 at seq. ; action of the spinal chord 
during, 227 ; what is it ? 291 ; diffi- 
culty of defining it, 292, 294 ; its phe- 
nomena, 292 ; no analogy between it 
and death, and no antagonism be- 
tween it and life, 293 : held by some 
to be the normal condition, ib. ; Sir 
H. Holland*s view of it, 294 ; a con- 
stant oscillation between sleeping 
and waking, ib. ; gradual transition 
from waking to, ib. et aeq. ; the im- 

Sulse to it irresistible, 296; cases 
lustrating this, ib. et seq. ; effects 
of cold in inducing, ib. et seq. ; ex- 
amples of command over, 297 ; heat 
as a predisposing cause, 298 ; ten- 
dency to, in church, ib.; prevented 
by cold, cerebral excitement, &c., 
299 ; its duration, ib. ; amount of. at 
different ages, 301 ; does nutrition 
go on chieflv during it ? ib. ; its re- 
storative influence, 308 ; produced by 
temx>orary congestion, 305 ; how pre- 
vented by over fatigue, 306 ; dreams, 
306. 

Sleeplessness, why attendant on star- 
vation, 1. 18. 

Slug, loss of weight by the, during 
want of food, i. 15 ; the blood- vessel^ 
of, 255. 

Small Intestines, what, 1. 178. 

Smell, its relations to taste, ii. 257; 
the sense ot, 259 ; the organs of, 260 ; 
the so-called olfactory nerves noi 
essential to, 262 et seq. ; only affected 
by substances in gaseous state, 265 ; 
Graham on it, ib.: varieties of sensi- 
bility, taste, &c., in regard to it, 266 ; 
its uses, 1^7 ; its keenness in certain 
circumstances, ib . 

Smith, Dr. F.. observations on Alexis 
St. Martin, by, i. 164. 

Smoking, influence of, on digestion, i. 
191. 

Smoothness, the sensation of, ii. 246. 

Snake, effects of division of spinal chord 
on a, ii. 162 et seq. 

Snakes, power of ansti nonce of, i. 10. 

Snow, thirst aggravated by, i. 89. 



Soil, organic principles necessary in, to 
plants, 1. 78. 

Solander, Dr., anecdote of, ii. 296 et eeq. 

Solaneee, the, rejected by the goat, A&c, 
i. 50. 

Soldier, dietary of the, i. 152. 

Soldiers, command over sleep T)Ossessed 
by, ii. 298. 

Solly, Mr., report by, of a case of the 
cerebellum wanting, ii. 115. 

Somnambulists, peculiarity regarding 
the dreams of, u. 313. 

Soul, the, animates the whole body, ii. 
193. 

Soul-sensations of Prochaska, the, ii. 43. 

Sound, the sensations of, how heard, ii. 
268 ; intensity, pitch, and quality of, 
271 ; the highest and lowest audible, 
272. See Hearing. 

Sounds, effects of habitual, as regards 
sensation and consciousness, ii. 58 ; 
subjective, how caused, 273 ; appre- 
ciation of the direction of. ib. 

Soup, prepared by slow boiling, i. 125. 

Soups, nutritive powers of, i. 104. 

South America, clay-eating In, 1. 43. 

Spallanzanl, the experiments of, on 
digestion, i. 166; experiments by, 
on the circulation, 277 ; researches 
of, on respiration, 285, 318 ; obser- 
vations of, on the tadpole, 292 ; on 
temperature and respiration, 325. 

Spawning, inferiority of fish after, i. 
134. 

Spectral illusions, theory of, ii. 282. 

Spencer, Herbert, definition of life by, 
ii. 356. 

Spices, thirst increased by, i. 27. 

Spider, power of abstinence of the, i. 10. 

Spiders, respiratory organs in, i. 293. 

Spiess, view of, on the muscular 
sense, ii. 239. 

Spinal chord, the, a seat of sensibility, 
ii. 27 ; composition, &o., of the, 80 
et Sf.q.; distribution of the nerve-roots 
on, 36 ; alleged difference of function 
between the two halves of, 41 note ; 
positions of the gray and white mat- 
ter in it, 44; relative weight of, in 
different animals, 88 ; supposed de- 
I)endence of, on the cere nruno. 106 ; 
effects of division of, in different 
ways, 112 ; relations of the medulla 
oblongata to, 122 ; its structure, 133 ; 
old hypotheses regarding it, 134 ; an- 
terior and posterior aspects of nerves 
and chord, 135 ; transverse section of 
it, 137, 138 ; its nerve cells. 137 ; views 
regarding these, 138 ; it snewn to be 
a serio8 of ganglionic centres, 139 ; 
Marshall Hall's observations on divi- 
sion ofj 162 et seq. ; criticism on his 
conclusions, 163 et seq. ; Grainger's 
experiments. &c., 165 : as a sensation- 
al and volitional centre, 193; views 
of earlier writers on it, 194 et seq. ; 
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error of the reflex theory regarding 
it. 197 ; deductive evidence in favoar 
of its scnsntional character, 108 ; its 
similarity of structure to the brain, 
190 ; and to tlic medulla oblongata, 
200 ; similarity of property to be in- 
ferred from this, ib. etatq.; induc- 
tive e\ideiio('that it is a scat of sensa- 
tion, &c., a03 ; spontaneity and choice 
in decapitated animals, 205 €t sea. ; 
ex})erimcnts showing Tcsults of its 
division, 212; division originates two 
nervous centres, and errors arising 
from disregarding this, 214 et seq. ; 
evidence against its sensibility, 221 ; 
examination of the evidence from 
patients with diseased spines, 222 
€i seq. ; its proi>ortion to the brain 
in dlnerent animals, 226 ; what part 
it plays, ih. ; probable oharatrtcr of its 
sensibility, 227 ; microscopic prepara- 
tions of it, 230 el seq. 

Bpinal veins, the, destitute of valves, i. 
249. 

Bplnc, diseases of the, examination of 
evidence from attendant phenomena 
against the sensibility of the spinal 
chord, ii. 222. 

Bpleen, the, its position, 1. 187, 259. 

Spontaneity, proofs of, after removal 
of the brain, il. 161 et seq. ; how 
manifested by animals, 203 ; how 
originated in them, 204 ; as a means 
of recognising sensation and volition, 
ih. ; indications of it in decapitated 
animals, 205 et seq. 

Stagbeetle, power of abstinence of the, 
i. 10. 

Btahl, the doctrine of, regarding the 
soul, ii. 193 ; definition of life bv, 355. 

Btalllon, influence of, in horse-ureed- 
ing, ii. 327 et seq. 

Stapes or stirrup, the, in the car, il. 
271. 

Btarch, how clasBcd by Liebig, i. 67 ; as 
an alimentary principle, 112 ; intesti- 
nal action on, 178 ; converted into 
sugar by the saliva, 159 et seq. ; action 
of the pancreatic juice on, 183, 184. 

Starvation, the last gradation of hun- 
ger, i. 2 ; its eftects on the blood, 7 ; 
periods when death ensues from, 10 ; 
the aspects of, 17 ; its eftects on the 
nervous matter, ib. : sleeplessness 
attendant on it, 18 ; its agonies, 19 ; 
case of voluntary, 20. 

State, the, the family not the type of, 
i. £3. 

Steam-engine, the comparison of the 
body to a, i. 6. 

Steinbuck, the, its power of subsisting 
without water, i. 40. 

Stethoscope, value of, for determining 
the reality of death, ii. 377. 

Stevelly, Professor, on spectral lUu- 
eions, ii. 283 et seq. 



Btich on the taste of gaaea, IL 256. 

Stilling, his mode of mieroocopie prep- 
aration, ii. 229. 

Stimulation, carbonic acid the agent ol^ 
in the blood, 1. 228 et seq. 

Stomach, the, effects of prolonged ab- 
stinence on, i. 20 ; enaptiness of, not 
the cause of hunger, 23, 24 ; the food 
in it still outside the organism, 85; 
the seat of the soneation of hunger, 
ib. ; its state in the fasting animal, 
26 ; is sugar injurious to f 114 ; pro- 
cess of digestion in, 163 et seq. ; ita 
mechanical action, 164 ; its chendeal, 
165 ; amount of digestion in, 174 ; to- 
tlon of the gastric Juice on it, ITS; 
digestion in, arrested by bile, 180 ; its 
XK>sition, d&c, 186, 187, 250. 

Stone, the, arrested by T^%table diet, 
i.142. 

Strawberries, sometimes i>ernicioa8, L 
48. 

Structure, identity of, implies identity 
of properties, ii. 26 ; relation of^ to 
property in nerves, 76. 

Subiective sounds, what, ii. 273. 

Sublingual gland and secretion, the, 
i. 159 ; position, &c., of, 186, 187, 
259. 

Submaxillary gland and secretion, the, 
i. 159 ; position, fitc., of, 186, 187, 269. 

Sudoriparous or sweat glands. jSee 
Sweat. 

Sue, J. J., views of, on the spinal chord, 
ii. 194. 

Buflbcation, effects of, on coaguIati<m 
of the blood, i. 210 ; case of, by char- 
coal fumes, 281 • by drowning, 282 ; 
identity of death in these, 283 ; causes 
of, and phenomena attending it, 810 ; 
deaths from, 313. 

Sugar, case in which pernicions, i. 48 ; 
how classed by Liebig, 57 ; action of 
yeast on, 91 ; experiments on injec- 
tion of, 95 ; proportion of, in milk, 96 : 
as an alimentary principle, 112 d 
seq. ; starch converted by the saliva 
into, 159 et seq. ; presence of, in blood, 
213. 

Sugars, necessity of, in food, i. 97 ; ac- 
tion of the gastric juice on, 167 ; re- 
sults of stomachic action on, 175. 

Suicide by starvation, case of, i. 21 ; by 
charcoal fumes, 281 ; by drowning, 
and identity of these two, 282. 

Sulphur as an alimentary principle, i. 
120. 

Sunlight, effects of, on respiration, i. 
300, 323. 

Surface, respiration by the, i. 288. 

Surface-sensations, what, ii. 245 ; one 
of the classes of systemic sensations, 
237. 

Suspended animation, illustrations of 
ii. 346. 

Swammerdamm, the blood discs dls- 
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covered by, i. 198 ; experiment of, on 

Sing the aorta, 226 ; reception of 
arvey'fl doctrine by, 252. 

Bweat glands, action of the, and repre- 
sentation of one, i. 297, 339. See also 
Perspiration. 

Sweets, effects of, on flavour of wines, 
ii. 258. 

Sweetbread, albumen in, i. 99 ; fibrine 
in, 100 ; as an article of diet, and its 
comx>oration, 129. See also Pancreas. 

Sweet fliag, after-taste from the, ii. 258. 

Swimming, shewn not to be a reflex 
action, ii. 219. 

Syntonin, what, 1. 100, 209. 

Systemic consciousness, what, ii. 70 
^ Mq; importance of it, 290. 

■ sensations, the, ii. 64, 236 et seq. ; 

that of thirst, i. 38 ; relations of, to 
emotion, ii. 104 ; their influence in 
dreams. 312. 

Systole ot the heart, what, i. 267. 

Szokalski, experiments on brainless 
animals by, and his deductions from 
them, ii. 219. 



TikCTiLB corpuscles, the so-called, ii. 
248 ; not tactile organs, ih. 

Tadpole, the, development of the blood 
in, i. 226nol«/ circulation, &c., in its 
tail 292. 

Tannin, after-taste of, Ii. 258. 

Taste, the medulla the centre of the 
nerves of, ii. 123 ; the sense of, 254 ; 
the tongue as its organ, ib.; other 
views held as to its organ, 255 ; solu- 
tion necessary to it, ib.; excited by me- 
chanical and electrical stimuli, 255; 
its use in warning against deleterious 
substances, 256 ; relations of smell to, 
257 ; after-tastcB, 258 ; variety neces- 
sary in relation to, 4b,; excited 
through the blood, ih. 

Tea as an article of diet, i. 142 ; effects 
of, on respiration, 300. 

Teeth, the. Is sugar injurious to? i. 114 ; 
action of, on the food, 158 ; impor- 
tance of it, 162. 

Temperament, origin of differences of, 
i. 56. 

Temperature, influence of, on the de- 
mand for food, i. 5 ; alleged influence 
of^ as to character of dietary, 70; 
cnccts of, in Messrs. Lawes and Gil- 
bert's experiments,71«<««9.; influence 
of, on the circulation, 278 ; on respi- 
ration, 324; on perspiration, 339; 
and on the breathing of the frog, &c., 
367 ; the sensation of, ii. 125 ; this re- 
ceived through the skin, 245 ; effect 
of destruction of epidermis on scnsi- 
bilitv to. 252 ; difference in right and 
left nana as regards, i&.,* relations of, 
to vision, 281 et seq. ; dependence of 
chemical action on, 350. 



Tepid drinks, influence of, in allaying 
thirst, i. 37. 

Tetanus, eflects of, on animal heat, i. 
360. 

Theine, different effects of, in different 
conditions, i. 89. 

Thermo-electrometer, the, i. 331. 

Thigh, tactile sensibility of the, ii. 251. 

Thinking, see Thought. 

Thirst, the sensation of, i. 27 ; its pri- 
mary causes, ib. ; rapidity of death 
from, 30 ; suffering from it, 31 : the 
Black Hole of Calcutta as an illus- 
tration of. ib. et seq. ; tepid drinks or 
ice best for allaying, 37 ; the effects 
of, 40 ; kills by an inflanmiatory fever, 
•*• » aggravated by snow and allayed 
by ice, 89. 

Thoracic duct, the, position, fcc, of, 
i. 186, 187, 259. 

Thought, mystery of, ii. 9 ; the blend- 
ing of, with perception, 289. 

Thoughts, how they are controlled, ii. 
187. 

Thought-consciousness, definition of 
the, ii. 72. 

Tickling, the sensation of, due to the 
nerve maments of the skin, ii. 245. 

Tight-lacing, eflects of, on respiration, 
i. 296. 

Tissue, what it is, i. 3 ; various kinds 
of, ib. 

Tissues, the, non-nitrogenous sub- 
stances essential to, 1. 61 ; how 
nourished by the blood, 231; their 
waste and repair continuous, ii. 303. 

Tissue-making foods, Liebig's, i. 57. 

Toads, respiratory organs in, i. 293: 
the winter life of, 866; suspended 
animation in, ii. 346. 

Tobacco, influence of,on digestion, i. 102. 

Todd and Bowman on the nervous 
system of the heart, i. 270 ; on the 
motor and sensory nerves, ii. 35 ; 
on sensation and perception, 53; on 
the brain, 77; on the so-called ol- 
factory nerves, 260. 

Tones, the effect of, il. 272. 

Tongue, the, comparative sensitive- 
ness of, ii. 246 ; more sensitive as to 
touch than the hand, 248 ; tactile sen- 
sibility of its tip, 252 ; as the organ 
oftaste, 254, 255. 

Tortoise, effects of removal of the 
brain on a, ii. 160. 

Total abstinence, errors of the advo- 
cates of, i. 115 et seq. 

Touch, the sensation of, ii. 125, 247; 
the sense of, 248 et seq.; localising 
of its sensations, ib. et seq. ; develop- 
ment of this faculty, 250; sensibil- 
ity of various parts of body, 251 ; 
effect of destruction of epidermis on 
it, 252 ; the process of lonalisation. 253. 

Towns, proposals to purify the air of, 
by trees, 1. 320. 
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Trachea, the, i. 238; its office in rea- 
piratlun, 206. 

TranaftLtion of blood, the, i. 223 et »eq. ; 
"when applicable, 225. 

Treea, proposals to plant In cities to 
purify the air, i. 820. 

Troviranus, definition of life by, ii. 
355. 

Tripe as an article of diet, i. 129. 

Triton, the, its blood discs, i. 200; 
circulation after removal of the 
heart in, 265 ; phenomenon on open- 
ing one, t6. note ; respiratory organs 
in, 293; the lung or, 294; decapi- 
tated, erperiments as to sensation 
in, ii. 205, 208 et tea.; experiments 
on division of spinal chord of, 212 et 
seq. ; proportion of the spinal chord 
to the Drain in, 226. 

Trituration, process of, in digestion, 
1.157. 

Tropical vegetables, the, 1. 138, 139. 

Turkey, time in which digested, i. 
128. 

Turnips, experiments on feeding sheep 
on, 1. 67 ; gluten in, 104. 

Turtle, Marshall Hall's observations 
on a headless, ii. 157 et seq. 

Twins, difference of character be- 
tween, ii. 317. 

Tympanum of the ear, the, ii. 269 ; its 
integrity not essential to hearing, 
270 ; part it plays, ib. 

Unconscious sensibility, the so-called, 
ii. 48 ; error of physiologists regard- 
ing, 62, 68. 

Unfelt seneatrons, so-called, ii. 48. 

Uterine veins, the, destitute of valves, 
1.249. 

Valentin, estimate by, of quantity of 
food required, i. 146; on the rela- 
tions of sensitiveness to the abun- 
dance of nerve filaments, ii. 246 ; 
views of, as to the organ of taste, 
254: on the waste of the tissues 
during hybernation, 303. 

Van Oven, on the causes of life's de- 
cline, ii. 368. 

Vapour, exhalation of, in respiration, 
i. 298. 

Veal, muscle of, albumen in, i. 99 ; 
and tibrine, 100 ; why less digestible 
than beef, 123 ; time in which di- 
gested, 128. 

Vegetables, albumen and fibrine in, i. 
101 • as articles of diet, 138 ; intes- 
tinal digestion of, 177. 

Vegetable albumen, how classified by 
Liebig, i. 57 ; Mulder's discovery re- 
garding, 91. 

' life, influence of, on the atmos- 

phere, i. 319. 

matters, results of stomachic 



action on, i. 174. 



Vegetal life, what, ii. 800; ccmmoa 
to plants and animala, ib. ; its organs 
not invariably single. 361 ; the so- 
called law of continuity aa charae- 
terising, U>. 

Vegetative organs, the, said to be 
l^ven by the female, ii. 327, 832. 

Vegetarianism, arguments agidnst, i. 
140. 

Veins, the injection of food into, i. 24; 
and of water, 27 ; error of the 
ancients regarding, 241; discovefy 
of their valves, 247 ; these not always 
present, 249. 

Vena cavee^ the, i. 186, 230, 250 ; des- 
titute of valves, 2M ; in the fish, 288. 

Venison steak, time in which digested, 
i. 127. 

Venous, when the blood becomes, i. 
196. 

Venous blood, distinction betwem, 
and arterial, i. 215 : sometimes star- 
let, 218 ; views of the ancients re- 
garding, 242. 

Ventilation, necessity of, i. 301 et seq.: 
increased attention to, in Bngland, 
302: exi>eriments shewing its im- 
X)oriance, 803. 

Ventricles, the, i. 238 ; in the fish, 
263. 

Verdeil on the effect of vegetarianism 
on the blood, i. 141. 

Vertebral column, relations of the 
cerebellum to the, ii. 113. 

Vertebrate animals, progression and 
variety of cerebral development in, 
ii. 83 et seq. 

Vesalius, discovery of, regarding the 
heart, i. 243; Titian not the illus- 
trator of his work, ib. note ; case of 
pulsation after death experienced 
by, 273. 

Vices, hereditary transmission of, ii. 
322. 

Vicq-d'-Azyr on the mule, ii. 326. 

Vienna, consumption of horse-flesh in, 
i. 132. 

Vieussens, scat signed the sensorinm 
by, ii. 42. 

Villedieu, the Abb6 de, case of, i. 48. 

Vinegar, use of, i. 120 ; its employment 
to keep down fatness, 121. 

Vlrchow on the fibrine of the l3nnph, 
i. 256 ; on nervous activity in rela- 
tion to nutrition, ii. 304. 

Viscera, the sensations derived through 
the, ii. 290. 

Vision, relations of animal heat to, i. 
346 ; why single with two eyes, ii. 
286 ; cases of double, and explana- 
tion of them, 287. Siee also Sight. 

Vital activity, effects of, on respiration, 
i. 322. 

force or forces, the so-called, ii. 

347 et seq, ; fail to control ohemical 
affinities, 349. 
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Vital, mechanism, tho, ii. 141 et seq. 

principle, the Bo-called, i. 175 ; 

in relation to animal heat, 330 ; the 
old hypothesis of a, 335. 

point, the supposed, ii. 128. 
processes, true relations of che- 



mistry to, i. 61. 

unity, what, and its influence, 



ii. 352. 

Vitality, importance of, in the mecha- 
nical adjustments of the organism, 
ii. 142 ; intimate connection of che- 
mical action with, 350. 

Vitiated air, experiments showing 
effects of, i. 303 et seq. 

Vitreous humour of the eye, tho, ii. 
276. 

Vivisection, on tho alleged cruelty of, 
ii. 38 note. 

Volatile oils, the, as condiments, i. 111. 

Volition, alleged dependence of, on 
the cerehrum, ii. 96 ; proof to the 
contrary, 97 ; the cereoellum as a 
seat of, 118 ; relations of, to the 
actions, 171 et seq. ; Muller's views 
on, 179; and Mr. Bain's, 180 et seq.; 
the exnibitions of, in decapitated 
animals, 205 et seq. 

Volkmann, experiments of, on ner- 
vous sensibility, ii. 37 note; experi- 
ments by, on brainless animals, 220. 

Voluntary actions, distinction be- 
tween, and involuntary, ii. 171; 
the popular view, ib. ; defects of 
this, 172 et seq.; nature of control, 
173 et seq. ; influence of association 
of ideas, 176 et seq. ; no essential 
difference between them and in- 
voluntary, 177 ; Miiller on them, 
178 et seq. : Mr. Bain's views, 181 et 
seq. ; the link of feeling, 182 et seq. ; 
influence of guiding ideas, 185 et seq. ; 
as guided firi»t by sensations, then 
by ideas of these, 186 ; Mr. Bain's 
deflnition of, 189 : the control of in- 
voluntary, 190; final conclusion re- 
garding, 192. 

• movement, proofs of, after re- 
moval of the brain, ii. 160 ; why re- 
moval of the medulla oblongata ar 
rests it, 161. 

nervous phenomena, the so-call- 



ed, il. 145. 

power, gradual failure of, in 



sleep, ii. 295. 
Von Bibra on the phosphate of lime 

in the bones, i. 80 note; on tho action 

of alcohol, &c., 143. 
Vulpian, M., observations of, on the 

tadpole's tail, i. 292. 



Waking, no antagonism between sleep 
and, ii. 293. 

Walking, shown to bo not a reflex ac- 
tion, ii. 219. 

34 



Warm climates, smaller demand for 
food in, i. 148. 

Warm-blooded animals, influence of 
temperature on feeding of, I. 6 ; com- 
parison between, and cold-blooded, 
as to starvation, 8 ; effect of tying 
tho aorta In, 226; their respiration 
arrested by carbonic acid, 306 et 
seq. ; effects of temperature on res- 
piration of, 325 ; distinction be- 
tween, and cold-blooded, 335 etseq.; 
cooling apparatus of, 338 ; respiration 
and animal heat among, 361. 

Warmth, the sensation of, U. 246. 

Waste, constancy of, in the organism, 
i. 4 ; amonnt of, fatal to life, 8 ; pro- 
duction of animal heat as a source 
of, 14 ; breathing as a source of, 
15 ; water In the body the vehicle of, 
30; blood the vehicle for removal 
of, 93 ; diminution of it, by tea, 
coffee, &c., 142; quantity of,, con- 
veyed by the blooa, 196; predomi- 
nance of, over repair, the cause of 
the decline of life, ii. 369. 

Water, prolongation of life during 
starvation by. i. 16 ; thirst allayed 
by injection of, 28 ; loss of, by breath- 
ing, perspiration, fcc, 29 ; large 
proportion of. In the body, ib. ; its 
physiological importance, 30 ; rapid- 
ity of death from abstinence from, 
ib. ; requirements of different ani- 
mals for, 38; causes of abstinence 
from, 39 ; essential to muscle, 62 ; 
Liebig on its uses, Sec, in the organ- 
ism, ib. ; proportion of the Iwdy 
It forms, 79 ; Indispensable to the 
organism, and Its uses there, 82 ; 
effects of different conditions on, 
88 ; proportion of, in milk, 96 ; effect 
of, on the gastric juice, 170; tho 
secretion of bile increased by, 180 ; 
proportion of. In blood, 213. 

birds, the flesh of, as an article 

of diet, i. 128. 

newt, the lungs and process of 



respiration inji. 293 ; winter life of, 
366. See also Triton. 

Watson, Pr., on the stupefying effects 
of cold, i. 355. 

Dr. Forbes, on tho diet of tho 

Hindoos, i. 68. 

Weber, estimate of the quantity of 
the blood by, i. 221 ; experiments 
of, on the relations of the pneumo- 
gastric nerves and the heart, ii. 129 ; 
power of arresting the beating or 
the heart possessed by, 191 ; meas- 
urement by, of the tactile sensibil- 
ity of different parts, 251 ; his ex- 
periments on tho effect of loss of the 
epidermis on tactile sensibility, 252. 

Wheat, nitrogen in, and its nutritive 
value, I. 66 ; albumen In, 100 ; gluten 
In, 103, 104 ; productiveness of, com- 
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pared -with rico, fro., 139 ; Egyptian 
or Mammy, an illoBtration of sua- 
i)ende<l animation, ii. 346. 

wheat, bread and flour, sufj^r in, i. 112. 

White of effg, the, as an alimentary 
principle, i. 99 et aeq. 

White fish, dlgegtibillty of, i. 134. 

matter of nervous system, the, 

li. 20 ; distribution and supposed 
function of, in the brain, 89. 

mustard, oii in, i. 109. 

Whytt, B., views of, on the senso- 
rium, ii. 4^ ; on the so-called uncon- 
scious sensations, 69 ; on unpcr- 
ceived and perceived sensations, 63, 
64 : views of, on the spinal chord, 194. 

Wild animals, tamed by thirst, 1. 31. 

Will, the relations of, to the actions, 
li. 171 et aeq. ; lAi. Bain's views on 
the, 181 et aeq. 

Willan, Dr., case of voluntary starva- 
tion given oy, 1. 16. 

Willbrand, views of, on the oirculatioD, 
i. 252. 

Willis, Dr. R., experiment of, on the 
nerves, ii. 22 ; seat assigned the scn- 
sorium by, 42; on Combette*B case, 
117 note. 

Wilson, Erasmus, on the sweat glands, 
i. 338. 

Professor George, on colour 

bhndnesB, ii. 287, 288 ; on the Manx 
cat, 330. 



Wind, inflnenco of, on temperatore, i 
855. 

Windpipe, the, i. 239, 240. 

Wine, effects of, on respiration, i. 300. 

Wines, thirst increased by, 1. 27 ; how 
classed by Liebig, 57 ; as an article of 
diet, 142 ; effect of various substances 
on flavour of, ii. 258. 

Winking, an illustration of reflex ac- 
tion, ii. 56 ; is it a volnntory or invol- 
untary action f 172. 

Winslow, the anatomist, a case of ap- 

W>arent death, ii. 374. 
istinghausen on the action of the bile 

on fats, 1. 183. 
Wolf, the, hybrids between, and the 

dog. ii. 330, 334 et seq. 
Wolff, on the nutritive relations of the 

blood, i. 232. 
Women, respiration in, compared with 

men, i. 299. 
Woorara poison, action of the, on tbe 

nerves, n. 73. 
Wurtemoerg, sale of horse-flesh at, t 

131. 

Yaxuti, gluttony of the, 1. 150. 
Yeast, importance of form to the action 
of, i. 91. 

ZiTTAU, horse-flesh sold in, i. 132. 
Zoophytes, temperature of, i. 831. 



THE END. 
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^'^ It is a sketch of the life of a woman as noted for her talents as for hef 
follies — not to say crimes,'' — 1'ittsburg Gazette. 

Life of James Watt. With Selections from his 

CORRESPONDENCE. By James Patrick Muirhead. 1 vol. 
I2mo. $1 25. 

" Of all men, living or dead, no one has done mare, probably, to extend 
the empire of man, — to subject brute force to his controV^ — PrrraBUBO 
Gazette. 

Tlie Roman Question. By E. About, i vol. i2mo. so cts. 

^^TJie book before us, although vmtten by a Parisian, and privately, hat 
the approbation of the French Government, yet is under the public displeasure 
of tlie same Government, and its printing and circulation is forhdden in 
thanceJ'^ — Newark Advertiser. 

'* This is a ^ slashing^ work — replets with facts, wit, and *a<w'tf,"— Rueai. 
Kiw Yorker. 
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P0CIII8. By Annk Whitnet. 1 vol. 12mo. 76 cents. 

^^Annt Whitney* 8 PoetM are refreshing. Who is Anne Whitney t^ 
What right has she, unknown^ unheralded, to give to American literature tit 
beet Tdlume of Poeme published hy any American voomo/n in the last tm 
f Mr»." — Sprinqfield Kepublican. 



A. Manual of Naval Tactics; together with a brief 

CRITICAL ANALYSIS of the PRINCIPAL MODERN NAVAL 
BATTLES. By James H. "Ward, Commander U. S. N. With an 
Appendix, being an extract from Sir Howard Douglas's Naval 
Warfare with Steam. 1 vol. 8vo. Cloth, $2 6C. 

" Captain Ward's Manual possesses not only a professional hut an his- 
torical valued — N. Y. Herald. 



The Manufacture of Photogenic or Hydro-Carbon 

OILS, from COAL and other Bituminons Substances capable of 
supplying Burning Fluids. By Thomas Antisell, M. D. 1 vol. 
8vo. |1 75. 

" The author is connected with the XT, S. Patent OMce, and his posUvm 
there has enabled him to present to thepvUic the record of the origin of the 
infant arty — Boston Advertiser. 



A History of the Four Georges, Kings of England , 

containing Personal Incidents of their Lives, Public Events of their 
Reigns, and Biographical Notices of their Chief Ministers, Courtiers, 
and Favorites. By Samuel Smuoker. 1 vol. 12mo. $1 25. 

*'i?r. Smucker has here made a valuable contrUmtion to historical litera- 
turSy and the student of history cannot obtavi a better idea of the Augustan 
era, properly so called j than by a perusal of the ^History of the Four 
Georges. " — Augusta CnRONiCLE. 



Tent and Harem. Notes of an Oriental Trip. By 

Caroline Paine. 1 vol. 12mo. $1 00. 

^^This is one of the most entertaining and instructive booTcs of travel ihcii 
tas fallen under our eye for many a day. The style is clear and unaffected, 
mndmuch which would have escaped the notice of a man, has been put wiihin 
our reach ly womarCs cleverness.^ — Boston Monthly Magazine. 
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History of France, from the Earliest Times to 1858, 

By the Rev. James White. 1 vol. 8vo. Cloth, $2. 

" A good^ deary concise History of France has long been needed, and 
9uch is the present volume^ — Courieb and Enquireb. 

" Its 600 pages contain every leading incident worth tTis telling , and 
abound in word-painting. '*'' — Athen^um. 

" We can honestly recommend the hoolo as being what it professes to be, 
an attractive popular Ilistory of France and the French jp«>p/tf/'— Spring- 
field Kefublican. 

" I%e style is dear and sparkling, and carries one along so gracefully 
from fact to fact that the reader can hardly find a place where he can pari 
company y even for a short time, with the author.^* — Charleston Christian 
Advocate." 



Morpliy's Games : A selection of the Best Games 

played by the distinguished charnpion, ia Europe and Anierica, 
with Analytical and Critical Notes. By J. Lowenthal. 1 vol 
12nio. Cloth. 473 pages. $1 25. 

^^ Many friends, both in Europe and America, have frequently urged in* 
to arrange a collection of my games, which they assured m£ would m^et with 
Jcindly reception from chess-players generally. But continued contests dur- 
ing the past twelve months would have precluded my concurring with so 
flattering a request, had it not been for the assistance rendered me by my 
friend flerr Lowenthal. The Copious Notes with which this volume is en- 
riched are mainly due to his wtU-earned reputation, and assiduity as an 
analyst, and will amply repay perusal from every lover of our noble game,''' 
— ^Paul Morphy. 

Breakfast, Dinner, and Tea. viewed CLASSICALLY, PO- 
ETICALLY, and PRACTICALLY. Containing numerous Dishes 
and Feasts of all Times and Countries, besides three hundred 
Modern Receipts. 1 vol. small 4to., gilt top. $1 50. 

'■^ It is altogetlier the best booh for a genteel housekeeper that we ever 
wet.^'' — New York Observer. 

^^ The beau ideal of a Cook-Booh'''' — ^Portland Transcript. 

" A more acceptable book to a young housekeeper it would be dijicult to 
find.'''' — Chicago Record. 

'' We commend this book to literary cooks and persons in search of food 
^or mind and body — particularly the body.''"' — St. Louis News. 

" Every housekeeper who would deserve the best compliments of her guests^ 
thiOtdd own a copy.''^-—CiTY Item. 

" The receipts, which comprise Fish, Il-esh, Fowl, and- Fruit, are none 
the less practicable from the abundance of anecdotes with which they are 
garnMhed.'''' — Cincinnati Gazette. 
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Revolutions in English History. By Robert Vauohait, 

D. D. Vol. I. REVOLUTIONS of RACE. Price $2. 

^* A ioorh of this hind^^'* says Blackwood^s MAOAznrB, ^^ cannot be tm 
perfluou^i if His worthily executed ' and the honorable ^sUion which Dr. 
Vauffhan has earned for himself in both theology and literature^ gives w ^ 
guaratUee that this will be the case.'''* 

" This treatise^ says the London Athenjbxjm, "<w rather narrative, is 
deeply and variously interesting. Written plainly, but with all the charaih 
teristics of independent thougM and accomplished sch^olarship, it may bt 
pronounced a masterly survey of English civilization from the remotest epoA 
to the commencement of the Jijfteenth century, ^"^ 



Passing Thoughts on Religion. By the author of "Amy 

Herbert," *' Thoughts for the Holy Week," etc. 1 vol 16mo. 
Cloth, red edges. 75 cents. 

" The writer of the following papers trusts that a reason may be found 

for their puhlication in the circumstances which gave rise to them. In their 

original form they were merely private thoughts noted doum for personal 

use^ while reading the 22d and part of the 2Sd chapters of JSt, Luie^s 

Gospel, As suchf they were, of course, wholly unfitted for any other pur- 

pose. But after publishing a little booh called * Thoughts for the Holy Week, 

the writer was urged to complete the work by adding * Thov^Hs for the Be- 

mainder of Lent' and though it was not easy to comply with the request, 

uhich was, therefore, for the time set aside, it suggested the enlargement of 

the notes before jnentioned, and they were in consequence brought into their 

present form.^^ — ^Extract from Preface. 



Night Lessons from Scripture. Compiled by the author of 
** Amy Herbert." 1 vol. 18mo. Cloth, red edges. 60 cents. 

" TJie passages selected are short, for the weariness of mghi does not ad- 
mit of lengtJiened attention to reading ; but meditation upon a few verses will 
teach us 9nore tJian a hasty perusal of many, and it cannot but be profitable 
to us all to endeavor to fix in our minds some one definite lesson gaiherea 
from God's Holy Word, which may remain with us as our last waking 
thought at night, and may, through the aid of the Holy Spirit, enable us U> 
rise with a more earnest devotion to our duties on the morrow." — Extract 
FROM Preface. 
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Doctor Oldham at Greystones, and His Talk There. 

1 vol. 12mo. Cloth. $1. 

" This is a most genial and entertaining hook. It is full of good things^ 
gemrous^ humorous^ suggestive^ and very well written^ — Dollar Nbw3- 

PAPEB. 

" The Doctor talks always with a gentle loving-kindness ^ which is the 
exponent of true Christianity. * * * * Indeed^ we are inclined to re- 
gard the wisdom^ the humor ^ and the pure Christian sentiment of this hook 
as its most striking points of excellence^ to which, however, we must add the 
manly^ dear, idiomatic English in tohich it is written^ — N. Y. Albion. 

Humanics. By T. Whartox Collins, Professor of Political Phi- 
losophy, University of Louisiana. 1 voL 8vo. Cloth. $1 75. 

'^^Jlumanics'' — a new term to some of our readers— is the title of this 
interesting book on the * Science of Human Nature? It presents a continu- 
ous synoptical view of the complete and intricate constitution of man — ma- 
terial and ethereal — a microcosm of the Universe. It investigates the 
constituent of human nature f vitality, sensation, eTnotion, thought, and 
action, which enter into combination in man,^^ — Christian Observer. 



Hints on Nursing. What it Is, and What it Is Not. 

By Florenob I^iqhtinqalb. 1 vol. 12mo. Cloth. 60 cents. 

" Ventilation and warming, the food of patients, their beds, the ar- 
rangement of their rooms, the conduct of nurses toward the sick, and the 
thousand details of management to be observed in the sick-room, are treated 
of by Miss Nightingale in a madest, unassuming s^yle.'''' — ^Boston Courier. 

^^ Miss Nightingale now has a world-wide fame, earned by such heroic 
milf-devotion as has not been paralleled in our day, and now th4 world i$ 
WbUing to listen to her waiting and advice as to the treatment of the sick."*"* — 
Boston Advertiser. 

Seven Years. By Julia Kavanagh, author of *' Nathalie." I 
Tol. Cloth, 50 cents. Paper cover, 37 cents. 

*^ A good and enobling book.^^ — ^Litebart Gazette. 

" ^Seven Tears* is, we think, greatly above all the precedvng stories of 
Miss KavanaghP — Daily News. 

" * Seven Tears ' is a most charming story. It is one of the most pUa^^ 
ant tales we ever read?'' — Herald. 
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NEW AMERICAN CYCLOPyEDIA, 

EDITED BT 

GEO. RIPLEY and O. A. DANA, 

ASSISTED BY A KUMEEOUS BUT SELECT COEPS OP WEITERS. 

The des!^ of Thz Nsw Ajiebioan Ctolop^xdia is to farnish the ^eat body 
of intelligent readers in this country with a popular Dictionary of General 
Knowledge. 

The New Amsbioak Cyclop-sdia is not founded on any European model; 
in its plan and elaboration it is strictly original, and strictly American. Many of 
the writers employed on the work have enriched it with their personal researches, 
obserrations and discoveries ; and every article has been written, or re- written, 
expressly for its pages. 

It is intended that the work shall bear such a character of practical utility as 
to make it indispensable to every American library. 

Throughout its successive volumes The New Avebioait CvcLOPiEDiA will 
present a fund of accurate and copious information on Soiencb, Abt, Agbicuxtitbe, 
CouMEBCE, Manufactitbes, La.w, Medioene, Litebatube, Fhxlosofht, Mathe- 
matics, AflTBONOMT, HiSTOBT, BlOGBAPHT, GeOGBAPHT, ESLIGION, POLITICS, 

Tbavels, CnEsnsTBT, Meohanios, Inventions, and Tbades. 

Abstaining from all doctrinal discussions, from all sectional and sectarian argu- 
ments, it will maintain the position of absolute impartiality on the great contro- 
ferted questions which have divided opinions in every age. 

This work is published exclusively by subscription, in fifteen large octave 
volumes, each containing 750 two-column pages. Vols. I. to IX. are now ready. 
Price per volume, cloth, $3 ; library style, leather, $3 50; half morocco, $4; half 
Russia, extra, $4 50. 

HOW TO OBTAIN THE CYCLOPEDIA. 

1. By applying to the nearest regularly-constituted agent in a city or town. 

2. By remitting to the publishers the amount for one volume or more. Im- 
mediately upon receipt of the money, the book will be sent by mail, postage paid i 
In strong wrappers, to any address, within 3,000 miles, in the United States. | 

IMPORTANT NOTICE. 

Any one procuring four subscribers to the Cyclopsedia, and sending the amount, 
|8 per volume, to the publishers, will bo entitled to a copy of the work gratis, to 
t^' _w.-l at the remitter's expense for carriage, or if ten subscribers are obtained, 
eleven copies will be sent at our expense, for carriage. 

\* Agents wanted in almost all sections of the United States. Liberal term* 
and exclusive territory given. 
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"Die borrower must return this item on or before 
the last date stamped below. If another user 
places a recall for this item, the borrower will 
be notified of the need for an earlier return. 
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the borrower from overdue fines. 
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